











｢c-Myc 遺伝子を用いずに作製したヒト iPS 細胞」




樹立方法を改良する事で c-Myc を用いずにマウス iPS 細胞
の樹立に成功した。この iPS 細胞を用いる事で腫瘍化の低減
にも成功した。ヒトにおいてもレトロウイルスの c-MYC を
用いずに iPS 細胞を樹立する事に成功した。この iPS 細胞は
ヒト ES 細胞と同様の分化能力を持っている。
写真は，c-MYC を用いずに樹立されたヒト iPS 細胞を支
持細胞（フィーダー細胞）上で培養している写真。真ん中の
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２-２ 教 員 数 等
(1）教 員（平成21年１月１日現在）
現 員
教 授 准教授 講 師 助 教 小 計 特任講師 特任助教 合 計
11(2) 12(3) 1 11 35(5) 1 3 39(5)
( ）内は客員で外数
(2）大学院生・研修員・研究生等（平成21年１月１日現在）
大 学 院 生 研 修 員 研 究 生 外国人共同研究者等
131 5 8 4
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Department of Molecular and Cellular Biology
分野主任 教授 永田 和宏
Prof. Kazuhiro Nagata
【研 究 概 要】
細胞機能調節学分野では，分子シャペロンの機能解析を中心に，再生現象の分子基盤とも言うべきタンパク質の
合成・再生・品質管理の機構について，以下の３つの大きなテーマに添って研究を進めている。
第１のテーマは，小胞体における productive folding に関する研究であり，コラーゲン特異的分子シャペロン
HSP47 の機能解析を中心に研究を進めている。HSP47 はコラーゲンの正常な合成・分泌にとって必須の分子シャ
ペロンであることを明らかにしてきたが，HSP47 は組織の繊維化にとっても重要な寄与をし，HSP47 の発現を抑
制することによって繊維化の進行を遅らせることができる。HSP47 ノックアウトマウスおよび HSP47 ノックアウ














系へと運ばれる。EDEM と結合した ERdj5 は








第２のテーマとして，小胞体品質管理 (ERQC），小胞体関連分解 (ERAD) の作用機序の解明を，分子，細胞な
らびに個体レベルで行っている。ERQC，ERAD に関しては，遺伝子レベルで mutation をもったタンパク質が
ERAD 機構によって分解されたり，あるいは ERQC の破綻が疾患を引き起こすことが明らかにされ，臨床・疾病











(ERAD) を促進する。糖鎖を持つミスフォールドタンパク質の ERAD においては，ERdj5 はレクチン様分子
EDEM，分子シャペロン BiP と ERAD 複合体を形成することで ERAD を効率化し，分解を促進していることを
既に明らかにした。新たに糖鎖を持たないミスフォールドタンパク質の分解において，ERdj5 が BiP と相互作用
することで ERAD を促進していることを明らかにした。ERdj5 は BiP と相互作用することで BiP による ERdj5
への基質のリクルート，ERdj5 によるミスフォールドタンパク質複合体のジスルフィド結合還元による単量体化，
BiP による ERdj5 からの基質のリリースを効率良く行うことで ERAD を促進している。
（文責・寳関)
The major focus in the Department of Molecular and Cellular Biology is to study the stress response and the
regulation and function of molecular chaperone/stress proteins. We are working mainly on the four topics in this
field.
We found and cloned the gene of a novel stress protein HSP47 which resides in the endoplasmic reticulum (ER)
acting as a collagen-specific molecular chaperone in the pathway of collagen biosynthesis, processing and secretion.
HSP47 specifically and transiently binds to various types of collagen in the ER. In addition to the binding specificity
to collagen, the expression of HSP47 is always closely correlated with those of collagens during the normal
development of mouse embryo as well as in the pathophysiological conditions including liver and renal fibrosis.
We already succeeded in making knockout mice lacking hsp47 gene, which resulted in causing the embryonic
lethality at 10.5 dpc in hsp47-/- homozygotic mice. In these homozygotic mice, the maturation of type I collagen
Institute for Frontier Medical Sciences
was abnormal and the immature form of procollagen accumulated in the tissues. Using hsp47-/- ES cells, we found
this year that type IV collagen secreted from hsp47-null cells could not form correct triple helices and the basement
membrane was not formed in the embyoid bodied from those cells. We also observed the impairment of basement
membrane formation in mouse embryos, thus these findings reveal that the knockout of a chaperone protein HSP47
causes the abnormality in molecular maturation of its substrate, and HSP47 is essential for mouse normal
development. In those knockout mice, type IV collagen was observed to accumulate in the ER causing an ER
stress, and apoptosis was also observed in those embryos after 10.5 dpc.
(By K. Nagata)
Another project we are working on is the molecular mechanism of ERQC (ER quality control) and ERAD (ER-
associated degradation). Many works have clarified the importance of ERAD of misfolded proteins and the
disruption of ERQC in genetic diseases and neurodegenerative disorders. We have previously cloned a mouse gene
EDEM, which is involved in the ERAD of glycoproteins. There are three EDEM homolog proteins in mammals and
one paralog in yeast. Although all of the homologs enhance glycoprotein ERAD, the molecular mechanism
whereby each protein works seems to be different. We are now investigating the functional divergence as well as
the comprehensive mechanism of these EDEM family proteins. We are also working on the involvement of N-
linked sugars in the ERQC, the molecular mechanism of retrotranslocation of misfolded substrates, and the
molecules responsible for the ubiquitination of ERAD substrates on the ER membrane. Recently, we have found
that two novel mammalian lectins make a complex with a membrane-embedded ubiquitin ligase HRD1, forming an
ER quality-control scaffold. Biochemical analysis of the oligosaccharide structures that these ER lectins recognize
has further clarified the mechanism how glycoprotein ERAD is regulated through the processing and recognition of
the N-glycans.
(By N.Hosokawa)
We have identified ERdj5, a disulfide reductase as a novel factor in the ER-associated. ERdj5 promotes ERAD
by cleaving of intermolecular disulfide bonds of misfolded proteins and preventing their oligomer and aggregate
formation. And also ERdj5 forms an ERAD complex with EDEM, which recognizesmisfolded proteins via their N-
glycan portions, and a molecular chaperone, BiP. The ERAD complex accelerates ERAD of glycosylated proteins.
We have found that interaction of ERdj5 with BiP promotes ERAD of non-glycosylated proteins : BiP recruits
misfolded proteins to ERdj5; ERdj5 catalyses reduction of intermolecular disulfide bonds of the misfolded proteins;
BiP releases the misfolded proteins from ERdj5.
(By J.Hoseki)
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Department of Ultrastructural Research
講師 平芳 一法
Lect. Kazunori Hirayoshi
【研 究 概 要】




御。転写可能になった遺伝子 DNA から mRNA の読み出しを制御する機構である。エピジェネティックな制御に
も関わるクロマチン構造の維持による遺伝子の不活化を乗り越え，転写可能な状態をつくるために，クロマチン構
造を解きほぐす因子が必要である。ショウジョウバエでは，この過程に関与する因子として知られているのが
GAGA 因子である。転写制御領域に存在する GAGA 配列に特異的に結合し，クロマチンリモデリングに必要な因
子をリクルートすることが知られているが，転写の実質酵素である RNA Polymerasell に転写の開始から終了まで
結合していることが報告されており，さらに広範な機能が予想され，転写の全体像を考える上でも重要な因子と考
えられる。われわれは GAGA 因子特異的なアプタマーを取得し，詳細な解析に着手した。
GAGA 因子は，DNA への結合に重要な Zn ドメイン，他の因子あるいは自己の重合化に関与する POZ ドメイ

















We analyze the transcription mechanism by using RNA aptamers, especially focused on the GAF this year.
Drosophila GAF (GAGA factor) is well known as a multifunctional factor. It has been reported that this factor
involves a nucleosome remodeling at promoter region, a formation of promoter proximal pausing of RNA
polymerase II, and the transcription elongation. In addition, the characteristic glutamine rich domain of GAF has a
potential to activate the transcription by stabilizing the PIC. GAF is also reported that travels with RNA
図3_2
Aptamer 特異的な阻害効果
in vitro 転写から得られた結果を基に，GAGA 因子に対する特異的なアプタマーが転写複合体の中で機能して
いる様子を模式的に示した。２種類のアプタマー（ ， ）はそれぞれ違う部位で機能し，GAGA 因子が転
写の異なったステージで機能していることを明らかにした。
Aptamer specific inhibitory effect
Figure schematically shows inhibitory effect of each GAGA specific aptamers ( ， ) in the transcription
complex. Two aptamers show their effect on the different locus and it clarify the different function of GAGA
factor in the transcription.
Institute for Frontier Medical Sciences
polymerase II all way down to the 3' end of the gene. To analyze the role of GAF in the transcription complex
precisely, we tried a new analytical approach with RNA aptamer as a molecular forceps. We obtained two kinds of
aptamer which bind to GAF with a high affinity. These aptamers bound to the POZ domain of GAF, which is
important for the protein-protein interaction, but not to the zinc finger and the glutamine rich domain, although
aptamers weakly prevented the GAF from binding to the GAGA element. Interestingly, these aptamers inhibited
the in vitro transcription on the naked DNA template. One aptamer showed the inhibitory effects on the
transcription from the promoters containing GAGA elements when adding the aptamer before the transcription
initiation. The other showed the inhibitions after the transcription initiation. The effect of this aptamer was
independent ofwhether the presence or absence of the GAGA element at the promoter region. However this effect
was observed only on the transcription from the GAF-dependent promoter, not from the GAF-independent
promoter. These results suggest the functions of GAF in initiation, elongation or reinitiation steps via the
interaction with other factors in the transcription apparatus, which imply the importance of GAF as a regulator
throughout the whole process of transcription RNA aptamer is expected as a substituent of antibody therapy. To
expand the application of RNA aptamer as a cure drug or examination reagent, we tried to establish the construct
protocol for more effective aptamers.






Department of Experimental Pathology
分野主任 教授 坂口 志文
Prof. Shimon Sakaguchi






特徴のひとつは，CTLA-4 (cytotoxic T cell-asociated antigen-4) 分子の構成的高発現である。制御性Ｔ細胞の発
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生・分化のマスター制御遺伝子である Foxp3 遺伝子プロモーター下に Cre 分子を発現させたノックインマウス，






















This department studies : (i) the cellular and molecular basis of immunologic self-tolerance and the etio-
pathology of autoimmune disease ; (ii) the strategy for eliciting effective immune responses to autologous tumor cells
or inducing immunologic tolerance to organ transplants by manipulating the mechanism of immunologic self-
tolerance ; and (iii) the cause and pathogenetic mechanism of rheumatoid arthritis.
One aspect of immunologic self-tolerance (i.e., immunological unresponsiveness of the normal immune system to
normal self-constituents) is activelymaintained through aT cell-mediated dominant control of self-reactiveT cells by
naturally occurring regulatory CD4＋ T cells (Tregs). We previously showed that the transcription factor Foxp3 is
a master regulator of their development and function.
This year, we have attempted to understand the molecular basis of the suppressive function of Tregs. We
established conditional knockout (KO)mice in which Cre was expressed under the Foxp3 promoter and the CTLA-4
gene was floxed. The Treg-specific CTLA-4 conditional KO mice thus prepared spontaneously developed severe
autoimmune diseases, including autoimmune myocarditis, and hyper-globulinemia E, suggesting that they are prone
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to develop not only autoimmune disease but also allergy. CTLA-4-deficient Tregs also showed impaired
suppressive function in vitro. Notably, the mice exhibited strong tumor immunity against syngeneic tumors.
These results collectively indicate that CTLA-4 play a crucial role in Treg-mediated suppression and that blockade
of CTLA-4 can enhance immune responses, including tumor immunity, via attenuating Treg-mediated suppression.
In addition to these studies on autoimmunity and tumor immunity by utilizing CTLA-4 CKO mice, we have
attempted to induce transplantation tolerance in normal animals by tipping the balance between antigen-specific
Tregs and effector T cells towards the dominance of the former. We showed that cell-nondepleting anti-CD4
monoclonal antibody (mAb), anti-CD40L blocking mAb, and also rapamycin, an immunosuppressive drug, can all
suppress the proliferation of effector T cells more potently than antigen-reactive Foxp3＋ natural Tregs, enriching
the latter and thereby establishing transplantation tolerance. This preparation of Treg dominance by exploiting
the differences in the sensitivity ofTregs and effectorT cells to various reagents is, we believe, a general mechanism
of transplantation tolerance.
We are also investigating the cause and pathogenetic mechanism of rheumatoid arthritis (RA) by analyzing a
mouse model (called SKG mice) established in our laboratory. SKG mice, which have a mutation of the gene
encoding ZAP-70, a T cell-specific signaling molecule, spontaneously develop autoimmune arthritis chiefly mediated
by Il-17-secreting CD4＋ T cells. This year, we established T cell clones from arthritis lesions of SKG mice and
showed that they were able to elicit arthritis when transferred to syngeneic T cell-deficient athymic nude mice.
Interestingly, these clones induced not only arthritis but also interstitial pneumonitis, indicating a single self-reactive
specificity can cause both diseases. The results provide novel insights into the mechanism of RA-associated
interstitial pneumonitis, whose cause and mechanism has been clinically obscure and will contribute to designing
therapeutic measures to both diseases.
【業 績 目 録】
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私たちは，これまでに，ケモカイン CXCL12 とその生理的受容体 CXCR4 が，胎児肝，骨髄でのＢリンパ球の
産生や胎生期における造血幹細胞の骨髄へのホーミング（細胞が臓器に移動，定着すること）に必須であることを
明らかにし，CXCL12 の生理的な発現細胞を可視化することができるCXCL12 遺伝子座に GFP 遺伝子を挿入した
マウス (CXCL12/GFP ノックインマウス）を用いて，CXCL12 を高発現する細胞が胎児骨髄の血管周囲に局在
し，造血幹細胞のホーミングにおけるニッチとして働いている可能性を示した (T. Nagasawa, et al., Nature 382 :
635-638 (1996) ; K. Tachibana, et al., Nature 393 : 591-594 (1998) ; T. Egawa, et al., Immunity 15 : 323-334 (2001) ;
T. Ara, et al., Immunity 19 : 257-267 (2003)）。また，成体骨髄においては，間質の細網細胞（ストローマ細胞）の
一部に CXCL12 を高発現する細胞（以下 CXCL12-abundant reticular (CAR) 細胞）が存在することを見出し，早
期のＢリンパ球前駆細胞や，二次リンパ器官で抗原と反応することにより最終分化し骨髄に戻ってくる形質細胞
（抗体産生に特化した細胞），未分化造血細胞分画の大部分の細胞が CAR 細胞に接着していることを見出した (K.
Tokoyoda, et al., Immunity 20 : 707-718 (2004)）。
さらに，CXCL12 欠損マウスと CXCR4 欠損マウスは胎生期に致死であるため，誘導性遺伝子欠損マウスシステ
ムを用いて成体の CXCR4 遺伝子を欠損させることにより，CXCL12-CXCR4 シグナルが，成体骨髄での造血幹細
胞数の維持に必須であることを明らかにした。一方，造血幹細胞を濃縮する分画内の細胞が，一部の骨辺縁付近に
局在する細胞を含むその大部分が CAR 細胞と接着していること，洞様毛細血管の大部分は CAR 細胞に取り囲ま
れていることを示し，骨髄腔内にびまん性に分布しCXCL12を高発現する CAR 細胞が造血幹細胞ニッチの本質的
な構成細胞であることを示唆した (T. Sugiyama, et al., Immunity 25 : 977-988 (2006)）。
しかし，私たちの研究を含め，これまでの造血幹細胞ニッチと造血幹細胞の局在を報告した論文では，造血幹細
胞を含むがより多くの前駆細胞を含む細胞分画を観察したものであり，造血幹細胞そのものを可視化したとは言い
にくい。また，上述した Morrison らの造血幹細胞可視化法は，複数の SLAM ファミリー分子 (CD150，CD48，




















性を規定しているという仮説を提唱した (T. Nagasawa, Nat. Immunol. 9 : 345-346 (2008)）。
Chemokines are a family of small structurally related molecules that are thought to regulate cell trafficking.
CXC chemokine ligand 12 (CXCL12), also known as stromal cell-derived factor and pre-B-cell growth stimulating
factor (SDF-1/PBSF) and its primary receptor CXCR4 are essential for colonization of bone marrow by
hematopoietic cells including hematopoietic stem cells (HSCs) during ontogeny and development of B lymphocytes
(T. Nagasawa, et al., Nature 382 : 635-638 (1996) ; K. Tachibana, et al., Nature 393 : 591-594 (1998) ; T. Egawa, et al.,
Immunity 15 : 323-334 (2001) ; T.Ara, et al., Immunity 19 : 257-267 (2003). In recent years, we have revealed that a
small population of stromal cells expressing high amounts of CXCL12, which we call CXCL12-abundant reticular
(CAR) cells were scattered throughout adult bone marrow and that the early B cell precursors and the end-stage B
lymphocytes, plasma cells were attached to CAR cells, suggesting that CAR cells function as the special
microenvironments 'niches' for B lymphocytes (K. Tokoyoda, et al., Immunity 20 : 707-718 (2004)).
On the other hand, it has been reported that HSCs reside near bone surfaces and/or near the vasculature in the
marrow. However, the nature and molecular regulatorymechanism of niches for HSC maintenance remains unclear.
Recently, we have shown that the induced deletion of CXCR4 in adult mice resulted in severe reduction of HSC
numbers. Most cells in HSC fractions were found in contact with CAR cells, some of which surrounded sinusoidal
endothelial cells or were located near the endosteum. These findings indicate that CXCL12-CXCR4 signaling plays
an essential role in maintaining the quiescent HSC pool and suggest that CAR cells are also a key component of HSC
niches, including both vascular and endosteal niches in adult bone marrow (T. Sugiyama, et al., Immunity 25 :@
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977-988 (2006)). These raise a question what is the nature of CAR cells. To address this issue and the possibility
that distinct kinds of cells are included in the CXCL12/GFPhi CAR cell fraction, we are analyzing the expression of
various lineage specific genes in CAR cells and characteristics of CAR cells at the single cell level.
Furthermore, our findings that CAR cells function as the niches for HSCs, B cells, including earliest precursors
and plasma cells and plasmacytoid dendritic cells (pDCs), which are thought to play central roles in antiviral
immunity (K. Tokoyoda, et al., Immunity 20 : 707-718 (2004) ; T. Sugiyama, et al., Immunity 25 : 977-988(2006) ; H.
Kohara, et al., Blood 110 : 4153-4160 (2007)) raise another question how CAR cells regulate distinct kinds of blood
cells. In 2008, Jung and colleagues have shown that perivascular clusters of dendritic cells (DCs) function as niches
for mature B cells in the bone marrow (A. Sapoznikov, et al., Nat. Immunol. 9 : 388-395 (2008)). Considering that
CXCR4 is essential for bone marrow mature B cells and that most vascular sinuses in the bone marrow are
surrounded by CAR cells, perivascular CAR cells near DCsmight function as niches for mature B cells. In this case,
several types of cells supply the different requisite factors and constitute specific niches for mature B cells in the
bone marrow although endothelial cells-derived essential factors are unclear. Thus we hypothesized that a
combination of cellular components of niches might determine the specificity of niche-blood cell interaction (T.
Nagasawa, Nat. Immunol. 9 : 345-346 (2008)).
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【研 究 概 要】
変形性関節症，椎間板ヘルニア，後縦靱帯骨化症，強直性脊椎炎といった骨・関節の難病，生活習慣病の遺伝的
要因を明らかにすることを目指している。これらの疾患は，いずれも多くの患者を苦しめている「ありふれた」疾









Recent advance in molecular genetics has revealed genetic factors, play a critical role in etiology and
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pathogenesis of "common" diseases. Our goal is to clarify the genetic factors implicated in the etiology of common
bone and joint diseases including osteoarthrosis. Though genetic analysis including genome-wide linkage and
association studies, we will identify and characterize susceptibility genes of the diseases and clarify their molecular
mechanism.
【業 績 目 録】
 誌 上 発 表 
原著論文
N. Fukui, Y. Miyamoto, M. Nakajima, Y. Ikeda, A. Hikita, H. Furukawa, H. Mitomi, N. Tanaka, Y. Katsuragawa, S.
Yamamoto, M. Sawabe, T. Juji, T. Mori, R. Suzuki and S. Ikegawa : Zonal gene expression of chondrocytes in
osteoarthritic cartilage. Arthritis Rheum. 58(12) : 3843-3853 (2008)
T. Fukada, N. Civic, T. Furuichi, S. Shimoda, K. Mishima, H. Higashiyama, Y. Idaira, Y. Asada, H. Kitamura, S.
Yamasaki, S. Hojyo, M. Nakayama, O. Ohara, H. Koseki, HG. Dos Santos, L. Bonafe, R. Ha-Vinh, A. Zankl, S.
Unger, ME. Kraenzlin, JS. Beckmann, I. Saito, C. Rivolta, S. Ikegawa, A. Superti-Furga and T. Hirano : The zinc
transporter SLC39A13/ZIP13 is required for connective tissue development ; its involvement in BMP/TGF-
beta signaling pathways. PLoS ONE 3(11) : e3642 (2008)
J. Dai, D. Shi, P. Zhu, J. Qin, H. Ni, Y. Xu, C. Yao, L. Zhu, H. Zhu, B. Zhao, J. Wei, B. Liu, S. Ikegawa, Q. Jiang and Y.
Ding :Association of a single nucleotide polymorphism in growth differentiate factor 5 with congenital dysplasia
of the hip : a case-control study. Arthritis Res Ther 10(5) : R126 (2008)
D. Shi, H. Ni, J. Dai, J. Qin, Y. Xu, L. Zhu, C. Yao, Z. Shao, D. Chen, Z. Xu, L. Yi, S. Ikegawa and Q. Jiang : Lack of
association between the CALM1 core promoter polymorphism (-16C/T) and susceptibility to knee osteoarthritis
in a Chinese Han population. BMC Med Genet 9 : 91 (2008)
R. Dieguez-Gonzalez, M. Calaza, D. Shi, I. Meulenbelt, J. Loughlin, A. Tsezou, J. Dai, KN. Malizos, EP. Slagboom, M.
Kloppenburg, K. Chapman, Q. Jiang, D. Kremer, JJ. Gomez-Reino, N. Nakajima, S. Ikegawa and A. Gonzalez :
Testing the druggable EDG2 knee OA genetic factor for replication in awide range of sample collections. Ann
Rheum Dis. (2008)
Y. Miyamoto, D. Shi, M. Nakajima, K. Ozaki, A. Sudo, A. Kotani, A. Uchida, T. Tanaka, N. Fukui, T. Tsunoda, A.
Takahashi, Y. Nakamura, Q. Jiang and S. Ikegawa : Common variants in DVWA on chromosome 3p24.3 are
associated with susceptibility to knee osteoarthritis. Nat Genet 40(8) : 994-998 (2008)
MJ. Rock, J. Prenen, VA. Funari, TL. Funari, B. Merriman, SF. Nelson, RS. Lachman, WR. Wilcox, S. Reyno, R.
Quadrelli, A. Vaglio, G. Owsianik, A. Janssens, T. Voets, S. Ikegawa, T. Nagai, DL. Rimoin, B. Nilius and DH.
Cohn : Gain-of-function mutations in TRPV4 cause autosomal dominant brachyolmia. Nat Genet 40(8) :
999-1003 (2008)
A. Miyake, G. Nishimura, T. Futami, H. Ohashi, K. Chiba, Y. Toyama, T. Furuichi and S. Ikegawa : A compound
heterozygote of novel and recurrent DTDST mutations results in a novel intermediate phenotype of
Desbuquois dysplasia, diastrophic dysplasia, and recessive form of multiple epiphyseal dysplasia. J Hum Genet
53(8) : 764-768 (2008)
Institute for Frontier Medical Sciences
S. Mori, I. Kou, H. Sato, M. Emi, H. Ito, T. Hosoi and S. Ikegawa : Association of genetic variations of genes encoding
thrombospondin, type 1, domain-containing 4 and 7A with low bone mineral density in Japanese women with
osteoporosis. J Hum Genet 53(8) : 694-697 (2008)
D. Shi, T. Nakamura, M. Nakajima, J. Dai, J. Qin, H. Ni, Y. Xu, C. Yao, J. Wei, B. Liu, S. Ikegawa and Q. Jiang :
Association of single-nucleotide polymorphisms in RHOB and TXNDC3 with knee osteoarthritis susceptibility :
two case-control studies in East Asian populations and a meta-analysis. Arthritis Res Ther 10(3) : R54 (2008)
A. Tsezou, T. Furuichi, M. Satra, P. Makrythanasis, S. Ikegawa and KN. Malizos : Association of KLOTHO gene
polymorphisms with knee osteoarthritis in Greek population. J Orthop Res 26(11) : 1466-1470 (2008)
Y. Hirose, K. Chiba, T. Karasugi, M. Nakajima, Y. Kawaguchi, Y. Mikami, T. Furuichi, F. Mio, A. Miyake, T.
Miyamoto, K. Ozaki, A. Takahashi, H. Mizuta, T. Kubo, T. Kimura, T. Tanaka, Y. Toyama and S. Ikegawa : A
functional polymorphism inTHBS2 that affects alternative splicing and MMP binding is associatedwith lumbar-
disc herniation. Am J Hum Genet 82(5) : 1122-1129 (2008)
Ikegawa S. : Expression, regulation and function of asporin, a susceptibility gene in common bone and joint diseases.
Curr Med Chem 15(7) : 724-728 (2008)
I. Meulenbelt, JL. Min, S. Bos, N. Riyazi, JJ. Houwing-Duistermaat, HJ. van der Wijk, HM. Kroon, M. Nakajima, S.
Ikegawa, AG. Uitterlinden, JB. van Meurs, WM. van der Deure, TJ. Visser, AB. Seymour, N. Lakenberg, R. van
der Breggen, D. Kremer, CM. van Duijn,M. Kloppenburg, J. Loughlin and PE. Slagboom : Identification of DIO2
as new susceptibility locus for symptomatic osteoarthritis. Hum Mol Genet 17(12) : 1867-1875 (2008)
H.Mototani, A. Iida,M. Nakajima, T. Furuichi, Y.Miyamoto, T. Tsunoda, A. Sudo, A. Kotani, A. Uchida, K. Ozaki, Y.
Tanaka, Y. Nakamura, T. Tanaka, K. Notoya and S. Ikegawa :A functional SNP in EDG2 increases susceptibility
to knee osteoarthritis in Japanese. Hum Mol Genet 17(12) : 1790-1797 (2008)
YQ. Song, KM. Cheung, DW. Ho, SC. Poon, K. Chiba, Y. Kawaguchi, Y. Hirose, M. Alini, S. Grad, AF. Yee, JC. Leong,
KD. Luk, SP. Yip, J. Karppinen, KS. Cheah, P. Sham, S. Ikegawa and D. Chan : Association of the asporin D14
allele with lumbar-disc degeneration in Asians. Am J Hum Genet 82(3) : 744-747 (2008)
T. Furuichi, K. Maeda, CT. Chou, YF. Liu, TC. Liu, Y. Miyamoto, A. Takahashi, K. Mori, K. Ikari, N. Kamatani, H.
Kurosawa, H. Inoue, SF. Tsai and S. Ikegawa : Association of the MSX2 gene polymorphisms with ankylosing
spondylitis in Japanese. J Hum Genet 53(5) : 419-424 (2008)
K. Chapman, A. Takahashi, I. Meulenbelt, C. Watson, J. Rodriguez-Lopez, R. Egli, A. Tsezou, KN. Malizos, M.
Kloppenburg, D. Shi, L. Southam, R. van der Breggen, R. Donn, J. Qin, M. Doherty, PE. Slagboom, G. Wallis, N.
Kamatani, Q. Jiang, A. Gonzalez, J. Loughlin and Ikegawa S. : A meta-analysis of European and Asian cohorts
reveals a global role of a functional SNP in the 5' UTR of GDF5 with osteoarthritis susceptibility. Hum Mol
Genet 17(10) : 1497-1504 (2008)
S. Unger, F. Antoniazzi, M. Brugnara, Y. Alanay, A. Caglayan, K. Lachlan, S. Ikegawa, G. Nishimura, B. Zabel, J.
Spranger and A. Superti-Furga : Clinical and radiographic delineation of odontochondrodysplasia. Am J Med
Genet A 146(6) : 770-778 (2008)
Q. Jiang, D. Shi, M. Nakajima, J. Dai, J. Wei, KN. Malizos, J. Qin, Y. Miyamoto, N. Kamatani, B. Liu, A. Tsezou, T.
Nakamura and Ikegawa S. : Lack of association of single nucleotide polymorphism in LRCH1 with knee












S. Ikegawa : From Genome to Disease, Gene to Medicine : Identification of susceptibility genes for common bone and
joint diseases and clarification of molecular pathogenesis. (Invited Lecture) (2008.1.18. Nanjing)
S. Ikegawa : Of Human, of Mouse : Integrated approach of human and mouse genetics toward bone and joint diseases.
｢Invited Lecture｣ (2008.1.19. Nanjing)
S. Ikegawa : Association study of Bone and Joint Diseases. (Invited Lecture) (2008.1.20 Nanjing)
S. Ikegawa : From Human, fromMouse : Integrated approach of human and mouse genetics toward the gene for bone
and joint diseases. ｢The 17th International Rheumatology Symposium｣ (Invited lecture) (2008.4.22. Sapporo)
S. Ikegawa : From Human, fromMouse : Integrated approach of human and mouse genetics toward the gene for bone
and joint diseases. ｢Symposium on developmental genomics & skeletal research｣ (Invited lecture) (2008.5.5.
HongKong)
S. Ikegawa : Genetic analysis of bone and joint diseases ; From human, from mouse. ｢From genome to bone and
joint diseases｣ (Invited lecture) (2008.9.26. Yokohama)
S. Ikegawa : From genome to bone and joint diseases. ｢APLAR 2008 JCR Clinical Course Lecture｣ (Invited lecture)
(2008.9.26. Yokohama)
S. Ikegawa : Genomics analysis of bone and joint diseases : Integrated approach from human and mouse genetics
toward the disease genes and molecular pathogenesis of the diseases. ｢The International Symposium-
Workshop on Advanced Bone and Joint Science (ABJS) Japan Society for the Promotion of Science｣ (2008.12.3.
Tokyo)
Institute for Frontier Medical Sciences
生体組織工学研究部門
生体分子設計学分野
Department of Cellular Differentiation
分野主任 教授 開 祐司
Prof. Yuji Hiraki







し，血管新生因子として ChM-I を同定した。ChM-I は，Ⅱ型の膜貫通型蛋白質として合成され，４つのジスル
フィド結合を有するＣ末端側の120アミノ酸残基（ヒト，マウス）が細胞外へ分泌される。ChM-I は軟骨，胸腺，
眼，心臓弁の無血管領域に特異的に発現しているが，ChM-I 欠損 (ChM-I-/-) マウスでは，発生過程においてこれ
図4_1
ChM-I 前駆体と成熟型 ChM-I の構造
（A) ヒトChM-I 前駆体は334アミノ酸からなるⅡ型膜貫通タンパク質である。Furin 様のプロセシング配列 (RERR，矢頭）
部位で切断され，120アミノ酸からなるＣ末端側が，成熟型ChM-I として細胞外へ分泌される。（B) 成熟型ヒトChM-I は，
N-結合型糖鎖を含むＮ末端側の可溶化ドメイン (D1 ドメイン）とＣ末端側の疎水性ドメイン (D2 ドメイン）からなる。
血管新生抑制活性を担う疎水性の D2 ドメインにある８つのシステイン残基は，脊椎動物の種間で極めてよく保存され４つ
のジスルフィド結合を形成している。
Human ChM-I precursor and mature ChM-I.
(A) Human ChM-I precursor is a type II transmembrane protein consisting of 334 amino acid residues. Mature ChM-I (120
amino acid residues) is secreted from chondrocytes after cleavage at a processing site (RERR, arrowhead) by proprotein
convertases such as furin. A membrane anchored portion is designated as chondrosurfactant protein (Ch-SP). (B)
Mature ChM-I is a 25-kDa glycoprotein that is composed of an N-terminal hydrophilic domain with a N-glycosylation site
(solubility domain, domain 1) and a C-terminal hydrophobic anti-angiogenic domain (domain 2). Eight cysteine residues in
domain 2 are well conserved across species.
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らの組織形成に明らかな異常は見出されなかった。しかしながら，ChM-I-/- マウスでは，出生後に低代謝回転型の
骨代謝を示し骨の代謝バランスがシフトして骨量が増加することから，ChM-I は bone remodeling factor として作
用することが新たに示唆された。また，老化した ChM-I-/- マウスにおいて，血管侵入を伴う大動脈弁の石灰化，
肥大化，或いは不整脈等，大動脈狭窄症の初期症状と似た症状が観察されることから，ChM-I が心臓弁の無血管












識切断部位 RERR でのプロセッシングと糖鎖修飾を受けることにより成熟型（120アミノ酸残基，分子量約 25
kDa) として細胞外に分泌される。一方，軟骨組織中には成熟型以外にも，その限定分解産物と考えられる short
form ChM-I（分子量約 14 kDa) が検出される。我々はこの分子種を単離，同定すべく種々の抗ペプチド ChM-I 抗
体および抗 ChM-I モノクローナルを作製した。その結果，14 kDa 分子種はドメイン２を主とするＮ末端欠失分子
種 (ΔNChM-I) であることが示唆された。また，組換え ChM-I は matrix metalloproteinase-13 によって，ドメイ




我々は，ChM-I の関連遺伝子として Tenomodulin (TeM) をクローニングし，ChM-I と高い相同性を有するシス
テイン残基に富むＣ末端領域に血管新生抑制活性があることを明らかにしてきた。TeM は腱，靭帯，筋上膜，角
膜，強膜のような強靱結合組織において発現するが，最近，心臓の腱索においても発現することを新たに見出し
た。血管網の豊富な心臓の中にあって，ChM-I が発現する心臓弁と TeM が発現する腱索は例外的に無血管であ
り，これらの組織の血管化は様々な心疾患を惹起する。腱索は弁の機能を支持する組織であり，その断裂は僧帽弁
閉鎖不全症の主たる要因であることが知られているが，腱索の断裂と血管新生との関係は不明な点が多い。腱索で
は，TeM は表層のエラスチン高発現層において高レベルで発現していた。腱索間質細胞の培養上清は in vitro に
おいて，血管内皮細胞の管腔形成および遊走を顕著に阻害し，これらの阻害活性は RNAi を用いた TeM のノック
ダウンにより部分的に消失した。従って，TeM は，腱索において血管新生抑制因子として機能することが示唆さ
れた。腱索が断裂すると TeM の発現が消失する一方で，vascular endothelial cell growth factor-A (VEGF-A) と
matrix metalloproteinases (MMPs) が高いレベルで発現し，正常組織には観察されない血管新生と炎症性細胞の
浸潤が認められた。さらに，腱索の TeM 発現層を除去すると，血管新生が亢進し VEGF-A および MMPs の発現
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関連遺伝子としてクローニングした Tenomodulin (TeM) は，Ⅱ型膜貫通型の血管新生抑制因子であり，腱・靭帯
を含む強靱結合組織の分化に伴って特異的に発現する。そこで，腱・靱帯形成の分子機構の一端を明らかにするこ
とを目指して，マウス TeM 遺伝子の組織特異的な発現制御を担う転写制御領域について解析を行っている。これ
までに，CapSite Hunting 法により，TeM 遺伝子の転写開始点を，翻訳開始点の上流 −58 bp および −84 bp に
同定し，その −25 bp 上流には TATA box 配列を見出した。初代トランスジェニックマウス胚を用いて，TeM
遺伝子の転写開始点上流 −11 kb から ＋11.6 kb までの領域についてエンハンサー活性の検定を行い，−11 kb か
ら ＋3 kb までの領域に，腱・靱帯に特異的な転写制御活性があることを見出している。さらに，この領域を約 1
kb に細分化したゲノム DNA 断片を Luciferase レポーター遺伝子の上流に導入し，in vitro で転写活性を検定し













The proper growth and differentiation signaling from the surrounding extracellular environment regulates
tissue formation and its functions. We are aiming at the elucidation of molecular interactions and signaling
networks underlying mesenchymal vascularization or cartilage, bone and tendon/ligament formation. Our current
research efforts are focused on the following studies.
1. Functional analysis of Chondromodulin-I
1) The role of Chondromodulin-I during the processes of fracture healing
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Chondromodulin-I (ChM-I) is a glycoprotein purified from bovine epiphyseal cartilage on the basis of growth
stimulating activity for chondrocytes and later identified as an angiogenesis inhibitor. Mouse ChM-I (120 amino
acids) is synthesized as the C-terminal portion of the precursor protein consisting of 334 amino acids and secreted
from chondrocytes after cleavage at the processing signal (RERR) by a proprotein convertase. ChM-I is
predominantly expressed in the avascular tissues such as cartilage, eye, and cardiac valves. Mice lacking the ChM-
I gene (ChM-I-/-) develops normally, but adult ChM-I-/- mice shows significant increase in bone mineral density with
lowered bone resorption with respect to formation, indicating that ChM-I plays an important role as a bone
remodeling factor. Furthermore, aged ChM-I-/- mice showed aortic valve thickening, calcification and turbulent
flow, indicative of early changes in aortic stenosis with enhanced VEGF-A expression, pathological angiogenesis,
lipid deposition and calcification in the cardiac valves. These findings demonstrate that ChM-I has a pivotal role in
maintaining valvular normal function by preventing angiogenesis that may lead to valvular heart diseases. To
explore the role of ChM-I in bone repair, we compared fracture healing in ChM-I-/- mice with that in wild-type mice
using a stabilized tibial fracture model. ChM-I mRNA and protein localized in the external cartilaginous callus in
the reparative phase of fracture healing. Radiological examination showed a delayed union in ChM-I-/- mice
although the fracture site was covered with both external and internal calluses. ChM-I null mutation reduced
external cartilaginous callus formation as judged bymarked decrease of typeX collagen alpha 1 (col10a1) expression
and total amount of cartilage matrix. Interestingly, the majority of chondrocytes in the periosteal callus failed to
differentiate into mature chondrocytes in ChM-I-/- mice, while the hypertrophic maturation of chondrocytes
between the cortices was not affected. These results suggest that ChM-I is involved in hypertrophic maturation of
periosteal chondrocytes. Although a direct effect of ChM-I on bones is still unclear, bony callus formation increased
while external cartilaginous callus decreased in ChM-I-/- mice. We conclude that in the absence of ChM-I,
predominant primary bone healing occurs due to an indirect effect induced by reduction of cartilaginous callus
rather than to a direct effect on osteogenic function, resulting in a delayed union.
2) Metabolism of Chondromodulin-I
ChM-I is a 25-kDa glycoprotein that is secreted from chondrocytes after post-translational modification and
cleavage from the transmembrane precursor protein at the site (RERR) for proprotein convertases like furin.
Recently, we found a short form of ChM-I (approx. 14 kDa) in cartilage extracts. For further characterization of
ChM-I and its metabolites, we generated anti-ChM-I peptide antibodies and anti-ChM-I monoclonal antibodies.
Using these antibodies, we demonstrated that the short form of ChM-I is an N-terminus truncated form of ChM-I.
Moreover, matrix metalloproteinase-13 cleaved recombinant human ChM-I to give rise to an N-terminal truncated
ChM-I. Now we are planning to isolate the short form of ChM-I from cartilage extracts using an affinity
chromatography with anti-ChM-I monoclonal antibody for the structural determination of a naturally-occurring
ChM-I short form.
2. Functional analysis of Tenomodulin
1) The role of Tenomodulin in chordae tendineae cordis of the heart.
We have previously reported Tenomodulin (TeM) showing homology to the cysteine-rich anti-angiogenic
domain of ChM-I. The ChM-I like cysteine-rich domain at the C-terminus of TeM has the anti-angiogenic activity as
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evidenced by inhibition of angiogenesis both in vivo and in vitro. TeM is expressed in the dense-connective tissues
such as tendon, ligament, epimysium of muscle, cornea and sclera of the eye, all of which are known to be
hypovascular. Recently, we found that TeM was also expressed in chordae tendineae cordis (CTC) of the heart.
Although the heart is a well-vascularized organ, ChM-I-expressing cardiac valves and TeM-expressing CTC are
devoid of blood vessels. Aberrant angiogenesis in these avascular tissues causes various heart diseases. CTC
maintain the cardiac valvular function, and its rupture is a well-known cause of mitral regurgitation, but it is not
clear whether angiogenesis in CTC correlates with its rupture. Immunohistochemical analysis revealed that TeM
was abundantly expressed in the elastin-rich subendothelial outer layer of CTC. Conditioned medium of cultured
CTC interstitial cells strongly inhibited tube formation and migration of vascular endothelial cells. These effects
were partially inhibited by small-interfering RNA against TeM. We then carried out immunohistochemical
analysis of ruptured CTC obtained from the autopsy or surgical specimen. In the ruptured CTC, marked
downregulation of TeM and abnormal angiogenesis was observed in association with strong expression of VEGF-A
and MMPs, and infiltration of inflammatory cells. In an anesthetized canine model,we removed the TeM-rich layer
of CTC by filing and found that loss of TeM layer induces angiogenesis and MMP activation. These findings
suggested that local absence of TeM, angiogenesis and MMP activation are associated with the rupture of CTC.
2) Characterization of tendon and ligament specific enhancer of the mouse TeM gene
Tendons and ligaments are composed of regularly aligned thick type I collagen fibers and play a significant role
in the musculoskeletal biomechanics. Tendons physically connect muscles to skeletal structures to act as a
mechanical transmitter. Ligaments link bones together and maintain them at their correct anatomical positions
during movement of the body. Despite their important roles as locomotive organs, very little is known about the
molecular basis of tendon/ligament development due to a lack of the specific marker. We cloned TeM as a related
gene of ChM-I that is a cartilage derived angiogenesis inhibitor. TeM is predominantly expressed in dense
connective tissues including tendons and ligaments. Its expression is induced during tendon/ligament
development and is closely associated with the mature phenotype of tendon/ligament fibroblasts. To study the
transcription factors that are involved in development and maintenance of tendon and ligament, we analyzed the
transcriptional regulation for the mouse TeM gene. Using the CapSite Hunting method, we identified two
transcriptional start sites of the mouse TeM gene at positions −58 bp and −84 bp upstream of the translational
start site. A putative TATA box was found at −25 bp upstream from the distal transcription start site. We then
tested the enhancer activity of the mouse TeM genomic fragment extending from −11 kb to ＋3 kb in transgenic
mouse embryos by using a LacZ reporter cassette with the hsp68 minimal promoter. This genomic fragment
showed an activity to drive the tendon/ligament specific expression in vivo. To identify the regions responsible for
the enhancer activity, we cut the 14 kb genomic region into -1 kb DNA fragments to construct a series of luciferase
reporter vectors and tested them in TeM-expressing cells (cultured tenocytes) and non-expressing cells (fibroblastic
NIH3T3 and chondrogenicATDC5 cells). We found that several fragments could drive the specific activation of the
reporter gene in tenocytes, but not in NIH3T3 and ATDC5 cells.
3. Regenerative repair of articular cartilage
In contrast to thewell-vascularized bony tissue, articular cartilage has a very limited capacity for repair. Upon
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injury, cartilaginous lesion easily causes osteoarthritis. Therefore, articular cartilage has been an important
therapeutic target in the field of regenerative medicine. Full-thickness defects penetrating articular cartilage
undergo repair that results in either the generation of fibrous tissue or hyaline cartilage, depending on the size of
defects. Bone marrow-derived mesenchymal stromal cells have known to participate in these repair processes.
Taking advantage of this tissue-repair system as a model,we are studying the regulation of regeneration of cartilage
in vivo. We reported that the pre-cartilaginous mesenchymal condensation is critical for induction of the
regenerative repair response in the defect cavities. We also demonstrated that parathyroid hormone receptor 1
(PTHR1) is a novel cell-surface marker for chondroprogenitor cells in the reparative tissue in the defects.
Fibroblast growth factor-2 (FGF-2) was found to be a potent endogenous inducer for cartilaginous repair by
stimulating the recruitment and expansion of PTHR1-positive cell populations to facilitate chondrogenic
mesenchymal condensation in the defects.
【業 績 目 録】
 誌 上 発 表 
１）原著論文
Y. Nemoto, K. Inohaya, Y. Hiraki and A. Kudo : Expression of marker genes during otolith development in medaka.
Gene Expression Patterns 8 : 92-95 (2008)
C. Shukunami, A. Takimoto, S. Miura, Y. Nishizaki and Y. Hiraki : Chondromodulin-I and Tenomodulin are
differentially expressed in the avascular mesenchyme during mouse and chick development. Cell Tissue Res.
332 : 111-122 (2008)
Y. Anraku, Mizuta H., S. Kudo, E. Nakamura, K. Takagi and Y. Hiraki : The chondrogenic repair response of
undifferentiated mesenchymal cells in rat full-thickness articular cartilage defects. Osteoarthritis Cartilage
16 : 961-964 (2008)
A. Yamauchi, Y. Hosokawa, G. Louit, T. Asahi, C. Shukunami, Y. Hiraki and H. Masuhara : Nanoparticle injection to
single animal cells by focused femtosecond laser-induced impulsive force. Applied Physics A 93 : 39-43 (2008)
K. Kusafuka, K. Muramatsu, M. Kasami, K. Kuriki, K. Hirobe, I. Hayashi, H. Watanabe, Y. Hiraki, C. Shukunami, T.
Mochizuki and T. Kameya : Cartilaginous features in matrix-producing carcinoma of the breast : four cases
report with histochemical and immunohistochemical analysis of matrix molecules. Modern Pathology 21 :
1282-1292 (2008)
N. Kimura, C. Shukunami, D. Hakuno, M. Yoshioka, S. Miura, D. Docheva, T. Kimura, Y. Okada, G. Matsumura, T.
Shin'oka, R. Yozu, J. Kobayashi, H. Ishibashi-Ueda, Y. Hiraki and K. Fukuda : Local tenomodulin absence,
angiogenesis, and MMP activation are associatedwith the rupture of the chordae tendineae cordis. Circulation
118 : 1737-1747 (2008)
K. Yukata, Y. Matsui, C. Shukunami, A. Takimoto, T. Goto, Y. Nishizaki, Y. Nakamichi, T. Kubo, T. Sano, S. Kato, Y.
Hiraki and N. Yasui : Altered fracture callus formation in chondromodulin-I deficient mice. Bone 43 :
1047-1056 (2008)
Y. Anraku, H. Mizuta, A. Sei, S. Kudo, E. Nakamura, K. Senba and Y. Hiraki : Analyses of early events during
Institute for Frontier Medical Sciences





開 祐司：ミニレクチャー１ 軟骨内骨化における血管侵入抵抗性の成立とコンドロモジュリンの作用 第11回
Vitamin K & Aging 研究会記録集（監修：折茂肇，エイザイ株式会社），pp. 1-7（2008）
 学会等の発表 
１）学会・研究会発表
近藤俊哉，宿南知佐，開 祐司，野田 亮：膜結合型 MMP 制御因子 RECK のマウス胎生期軟骨における発現と
その軟骨形成における機能．第21回日本軟骨代謝学会学術集会（2008.3.21-22．京都）
開 祐司，宿南知佐，西崎有利子，古山明子，野津裕之，森 肇：細胞外環境下で不溶性な立方体蛋白質結晶へ
の FGF-2 のマイクロ固定化と細胞培養系の特異的空間制御 (Immobilization and spatially restricted actions of
FGF-2 into cubic proteinous microcrystals that are insoluble in a physiological cellular environment) 第40回日
本結合組織学会学術大会・第55回マトリックス研究会大会合同学術集会（2008.5.29-31．東京）
西崎有利子，杉本由紀，開 祐司，宿南知佐：Tenomodulin 遺伝子の腱・靱帯特異的な転写制御領域の解析
(Characterization of tendon and ligament specific enhancer of the mouse tenomodulin gene) 第40回日本結合組
織学会学術大会・第55回マトリックス研究会大会合同学術集会（2008.5.29-31．東京）
村松浩二，草深公秀，嵩眞佐子，久力 権，渡辺秀人，開 祐司，宿南知佐，望月 徹，亀谷 徹：乳腺原発













Vitamin K & Aging 研究会（2008.2.16．東京）
Yuji Hiraki : Tissue-specific angiogenesis inhibitiors in hypovascular connective tissues : chondromodulin-I and















分野主任 教授 田畑 泰彦
Prof. Yasuhiko Tabata




















Institute for Frontier Medical Sciences
（場）を与えることが不可欠である。別な言い方をすれば，再生誘導治療とは，細胞やその周辺環境をうまく設定
することによって，本来，体のもっている自然治癒力を高めて，病気の治療を行うという，体にやさしい理想的な
治療法である。この生体組織 (Tissue) の再生誘導の場を構築するための医工学 (Engineering) 的な技術・方法論























































































The main objective of our department is to investigate and develop methods, procedures and technologies
which are applicable to basic and clinical medicines as well as basic research of biology and medicine from the
viewpoint of material sciences. The materials to use in the body and to contact biological substances, like proteins
and cells, are defined as biomedical materials and biomaterials. In our department, various types of biodegradable
and non-biodegradable biomaterials of polymers metals, ceramics and their composites, are designed and created
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aiming at their clinical applications as well as the development of experimental tools necessary for basic researches
of medicine and biology which scientifically support clinical medicine. We are investigating biomaterials to assist
reconstructive surgery and to apply to drug delivery systems (DDS) for the biomaterials-based improvement of
therapeutic efficacy. However, it is often difficult for patients to improve their Quality of Life (QOL) only by the
therapeutic procedure of reconstructive surgery because the biomaterials applied are of poor biocompatibility and
functional substitution. For organ transplantation, there are several problems to be resolved, such as the lack of
donor tissue and organ or the adverse effects of immunosuppressive agents. The two advanced medical therapies
currently available are clinically limited in terms of the therapeutic procedure and potential. In these
circumstances, a new therapeutic trial, in which disease healing can be achieved based on the natural healing
potential of patients themselves, has been explored. This is termed the therapy of regenerative medicine, where
the regeneration of tissues and organs is naturally induced to therapeutically treat diseases by artificially promoting
the proliferation and differentiation of cells. The objective of regenerative therapy is to regenerate injured or lost
tissues and substitute organ functions by making use of cells. The regenerative medical therapy is quite different
from the reconstructive surgery and organ transplantation from the viewpoint that neither biomaterials and medical
devices nor immunosuppressive agents are needed. The basic idea of regenerative therapy is to give cells a local
environment which is suitable to promote their proliferation and differentiation, resulting in the cell-based induction
of tissue and organ regeneration. It is tissue engineering that is a biomedical technology or methodology to create
this environment for the natural induction of tissue regeneration. Generally, there are three factors necessary to
induce tissue regeneration, such as cells, the scaffold for cell proliferation and differentiation and biosignaling
molecules of growth factors and the related gene, which are fundamentally 3 components constituting the body
tissue. For successful regenerative therapy of tissue and organ, it is indispensable to efficiently combine various
biomaterials with all the body components. Among biomaterials, biodegradable biomaterials play an important role
in thismedical applications. Since there are fewmetals and ceramics with biodegradable nature, polymer materials
of biodegradability have been mainly used for this purpose. If a biomaterial is degraded to disappear in the body, it
is not always necessary to retrieve the material from the body after the function expected is accomplished. In
addition, the material should be degraded at the right time profile not to allow to physically impair the natural
process of tissue regeneration by the material remaining. Thus, biodegradable biomaterials are indispensable for
the research and development (R & D) of regenerative medical therapy, DDS or basic biology and medicine.
Our research goal is to design and create biomaterials mainly from polymers which are practically applicable
for regenerative medical therapy, stem cell technology, DDS and medical therapy of reconstructive surgery and
internal medicine. More detailed explanation about every project is described.
1. Biomaterials for the Therapy of Regenerative Medicine
It is well recognized that cells are present in the living tissue interacting with the extracellular matrix (ECM) of
natural scaffold for the proliferation and differentiation of cells or their morphogenesis. When the body tissue is
largely lost, the ECM itself also disappears. In such a case, only by supplying cells to the defect, we cannot always
expect the tissue regeneration at the large defect. One of the possible ways to achieve successful tissue
regeneration is to provide a temporary scaffold for the proliferation and differentiation of cells to the defect. We are
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designing and creating 3-dimensional and porous constructs of biodegradability as this temporary cell scaffoldwhich
is an artificial ECM. However, even if a superior scaffold is supplied to the tissue defect, the tissue regenerationwill
not be achieved without the number of cells and the amount of biosignaling molecules large enough for cell
proliferation. It is one of the practically possibleways to make use of growth factors for promoted proliferation and
differentiation of cells. It is, however, necessary for in vivo use of growth factors to contrive their administration
form because of the in vivo short half-life and instability. One possible way to break through the problem is to use
the controlled release of growth factor or the related gene at the tissue site to be regenerated over an extended time
period by incorporating the factor or gene into an appropriate carrier. This release technology enables the growth
factor to efficiently exert the biological activity, resulting in promoted tissue regeneration. We are designing and
preparing the biodegradable carrier of growth factors and genes from gelatin and its derivatives. A new therapy to
naturally induce tissue and organ regeneration by the controlled release of various biologically active growth factors
has been achieved and scientifically demonstrated through animal experiments. Among the tissue regeneration
trials, clinical experiments of angiogenic and bone regeneration therapies have been started by the controlled release
technology of basic fibroblast growth factor (bFGF) and the good therapeutic efficacy is demonstrated.
Generally, in the chronic fibrotic disease, such as diluted cardiomyopathy, liver cirrhsis, lung fibrosis and chronic
nephritis, the damaged portion of organ is often occupied with the fibrous tissue, which often causes organ
dysfunction. It is highly possible that if the fibrosis is enzymatically digested by a proper way, the fibrotic site is
naturally regenerated and repaired on the basis of the inherent regenerative potential of the surrounding normal
tissue and consequently the organ function is regenerated and recovered. We are designing and preparing a
system of drug targeting and the local releasewith polymers of an organ affinity to achieve the regeneration therapy
for chronic disease based on the natural healing potential of patients. Based on the drug administration therapy
which has been clinically used in internal medicine, this is called as physical regenerative therapy of internal
medicine. This is a therapeutic approach different from the conventional regenerative therapy of surgery where
cells, the scaffold and signal molecules or the combinations are surgically applied to a tissue defect for regeneration
induction thereat. The two surgical and physical regenerative therapies are conceptually identical from the
viewpoint of the positive use of natural healing potential. In addition, the basic idea of regenerative therapy will be
combined with interal medical therapy to open a new therapeutic field in the future. For example, the combination
with aneurysm catheter therapy has been tried and consequently the aneurysm occlusion by the regenerated tissue-
based organization has been succeeded by the bFGF release system. On the other hand, a new cell culture
technology is being developed to enhance the cellular expression level of nucleic acid compounds, such as decoy
DNA and small interfering RNA (siRNA), with non-viral gene carriers.
2. Biomaterials for Stem Cells Technology and Basic Researches of Medicine and Biology
There are two approaches to realize regeneration medical therapy. One is the tissue engineering-based
therapeutic approach described above. The other is cell transplantation therapy to induce tissue regeneration.
For the latter approach, it is of prime importance to efficiently obtain and prepare cells with a high potential of
proliferation and differentiation, such as stem cells, precursors and blastic cells. In this department, the technology
and methodology of cell culture with various biomaterials and bioreactors have been explored to efficiently isolate,
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proliferate and differentiate stem cells, precursors and blastic cells. A series of this study not only aims at the
preparation of cells suitable for the therapy of regenerative medicine, but also research and development (R & D) of
materials, technologies and methodologies for basic medicine and biology. In addition, non-viral vectors for plasmid
DNA and siRNA have been investigated to design the DDS system for gene transfection which can biologically
analyze the functions of stem cells and genetically engineer cells to activate the biological functions for cell therapy.
For example, we have developed a new system for the controlled release of plasmid DNA inside cells and succeeded
in enhancing the level of gene transfection and the consequent gene expression as high as or higher than that of viral
vector system. In addition, a new technology of cell culturing on plasmid DNA-coated substrates with or without
the combination of bioreactor systems has been developed and enhanced the level of gene expression as well as
prolonged the expressed period. This reverse transfection system (SubFection : substrate-mediated transfection) is
effective in the gene transfection for stem and matured cells which have not been readily transfected by the
conventional method while it can be applied for cell internalization of low-molecular weight compounds, peptides,
proteins and nucleic acids (siRNA and decoy DNA).
3. Biomaterials for DDS
Generally there are few drugs which have a specific selectivity for the site of action. Therefore, the high-dose
administration of drugs is necessary to achieve their in vivo therapeutic efficacy, while this often causes the adverse
effects of drugs. DDS is an engineering trial which allows a drug to act at the right time the right site of action at
the necessary concentration. The objective of DDS includes the controlled release of drug, the prolongation of drug
life-time, the acceleration of drug permeation and absorption and the drug targeting. Various biomaterials are
inevitably required to achieve every DDS objective. In this department, various research projects of DDS for drug
and gene therapies are carried out from the viewpoint of polymer material sciences. Our definition of "drug" is not
limited only to therapeutic substances, but it means every substance with a certain biological activity and function.
The DDS technology and methodology can be also applied for preventive and diagnostic substances to enhance the
in vivo efficacy of vaccination and diagnosis, such as magnetic resonance imaging (MRI), ultrasound diagnosis or
molecular imaging. We are also developing DDS technology and methodology which are applicable to the research
and development of cosmetics and health care sciences. DDS is defined as an universal technology and
methodology to efficiently enhance the biological functions of a certain substance by the combination with
biomaterials and can universally apply to any research field of which the final goal is to enhance the biological
functions of substances used.
4. Biomaterials for Surgical and Physical Therapies
This department is partly originated from the division of Molecular Design and Biomaterials of the former
Research Center for Biomedical Engineering where the medical applications of polymer materials have been
investigated extensively. Among the research activities,we continue to molecularly design and create biomaterials
mainly from biodegradable polymers aiming at the development of assistant materials in surgical and physical
therapies.
From the viewpoint of biomaterial sciences, we are actively proceeding comprehensive biological and medical
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researches on the scaffold for the cell proliferation and differentiation, the DDS of growth factors and the related
genes and the material-based technology or methodology to use stem, precursor and blast cells and in addition, their
medical applications. Through several R&D collaborations with medical, dental and veterinary schools as well as
private companies, we are planning to apply our basic research results to realize the regeneration induction therapy
of various tissues and organs, such as the skin, fat, bone, cartilage, nerve, hair, blood vessels, periodontium,
myocardium and kidney as well as the DDS technologies for therapeutic, prophylactic and diagnostic medicines,
while some biomaterials are applicable for basic of medicine and biology as the research tools.
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Our research group intends to develop engineered materials that contribute practically and efficiently to the
advanced therapeutic interventions for the treatment of diseases and traumatic injuries. These materials are
expected to exhibit diverse functions in vitro or in vivo. Fundamental and applied studies are undertaken to realize
such biomaterials, taking advantage of organic materials, namely polymeric materials and state-of-the-art techniques
for analyzing and handling biomolecules and cells.
Research subjects currently undertaken in our department are listed below.
1. Surface chemistry of biomedical materials
Protein adsorption and complement activation are involved in the initial reactions against man-made materials
with living bodies. It is necessary to elucidate these mechanisms in relation to the surface properties so as to
rationally design biocompatible surfaces of synthetic implants. Most of information on protein adsorption and
complement activation by artificial polymeric materials has been accumulated from studies with polymeric
materials. However, polymer surfaces could not be assumed rigid and immobile at equilibrium. The polymer
molecules in the vicinity of the surface or interface would exhibit motion and relaxation in response to the different
interfacial environments. Thus, it is difficult to prepare model surfaces using polymeric materials for studies of the
complement activation. Self-assembled monolayers of alkanethiols formed on a gold thin film provide well-defined
model surfaces suitable for studies on interfacial phenomena and intermolecular interactions. The surface plasmon
resonance technique can be applied to analyze the interfacial phenomena under water. We have been studying
protein adsorption, complement activation, and cell adhesion on well-defined surfaces made of self-assembled
monolayers using the surface plasmon resonance technique as well other analysis techniques highly sensitive for
interfacial molecular events.
2. Polymeric materials for cell transplantation therapy
Islets of Langerhans have been transplanted to treat insulin-dependent diabetes patients. Adult pancreatic b
cells are known to have a poor growth capacity. Islets containing b cells from cadaver donors or animals should be
employed. In bioartificial pancreas, islets are encapsulated into a semi-permeable membrane and then implanted
into the diabetic patients to protect them from immune rejection. The semi-permeable membrane permits
permeation of oxygen and nutrient which are necessary for islet survival, but prohibits contact of islet cells with
components of the host immune system. We encapsulated islets into agarose-based microbeads and induced
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normalization of blood glucose levels of diabetic recipient mice by implanting 1,000 microencapsulated hamster islets
into the peritoneal cavity.
Several research groups showed that transplantation of neural stem cells (NSCs) or NSC-derived progenitors to
the site of lesions was effective for structural and functional restoration of the central nervous system. However,
clinical applications of NSC further require methodological advances especially for controlling the engraftment,
proliferation, migration, and differentiation of NSCs. Our approach is to construct composite biomaterials that
consist of extracellular matrix (ECM) components and signaling molecules such as growth factors and cell adhesion
molecules. We are employing genetic engineering to design rationally such composite biomaterials.
3. Cell processing technology for regenerative medicine
Cells and ECMs are important components for regenerative medicine. In recent years,many research groups
have devoted enormous efforts to establish in vitro culture conditions inwhich stem cells, such as ES cells and tissue-
derived stem cells, differentiate into various functional cells. Those cells are expected to be very useful for
treatment of various diseases. Many kinds of stromal cells have been used to differentiate stem cells to functional
cells. However, most of stromal cells preferentially used are derived from mice. Some authorities who are in
charge of regulatory issue have pointed out the difficulty to rule out the possibility that retrovirus incorporated in
mouse gene will be activated and transferred to stem cells and functional cells derived from stem cells. One of our
research activities is focused on the development of stromal cell free culture systems used for the induction of ES
cells to various functional cells. ES cells cultured on the substrate, onto which bioactive molecules isolated from
stromal cells, are immobilized effectively differentiated to dopaminergic neurons.
Conventional cell culture substrates are not always suitable for cells used for regenerative medicine. Neurons
differentiated from ES cells in vitro are very difficult to be collected from a cell culture flask without deterioration of
cell functions, because long axons from neurons are easily damaged during detachment of neural cells from the cell
culture substrate. Cell sheets but not single cells are needed in some instance, such as regeneration of a skin and a
mucous membrane. We have been examining a film of cellulose derivatives for a cell culture substrate. Cells
cultured on it are removed by cellulose-degrading enzyme, cellulase, without damaging cells on the substrate.
4. Cell chips for high-throughput functional screening
Transfectional array : Functional characterization of human genes may be one of the most challengeable tasks
in the post-genome era. Due to a huge number of novel genes discovered in genomics, high-throughput methods
are required to express or silence in parallel thousands of genes in living cells. The objective of our study is to
fabricate transfectional arrays through patterning of self-assembled monolayers on a gold substrate and the
subsequent site-specific spotting of different expression vectors or short interfering RNAs.
Antibody array : Recent progress in stem cell research provides us with promising options of cell sources for
use in tissue engineering. However, insufficient knowledge about specific surface antigens expressed on most of
stem cells limits their application in regenerative medicine. To solve this problem, we developed a high-
throughput analytical method for typing multiple membrane proteins. Our method is based on solid-phase
cytometry using an antibody array prepared on a patterned alkanethiol monolayer.
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ECM array : Arrays that display a panel of biologically-active substances on a flat plate are promising due to
their potential use in functional screening over multiple samples in a parallel fashion. We developed cell-based
arrays that displayed combinatorially various ECM-growth factor composites and used them for parallel and rapid
screening biomaterials that serve to maintain NSCs and direct the differentiation of NSCs.
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(2008.5.29-6.1. Amsterdam)
Y. Teramura and H. Iwata : Surface modification of islets with urokinase for prevention of thrombosis formation.





C.A.Agudelo, Y.Teramura andH. Iwata : In vivo study on the long-term function of agarose-encapsulated islets after
cryopreservation. 8th World Biomaterials Congress (2008.5.29-6.1. Amsterdam)
乾 靖，寺村裕治，岩田博夫：高分子材料と生体との相互作用―両親媒性高分子と生細胞―．第37回医用高分子
シンポジウム（2008.7.28-29．東京）
Y. Arima and H. Iwata : Effect of adsorbed fibronectin and albumin on cell adhesion to well-defined surface. 8th








M. Toda and H. Iwata : Activation of the complement system on NH2/CH3 and NH2/COOH mixed self-assembled
monolayers. 8th World Biomaterials Congress (2008.5.29-6.1. Amsterdam)
戸田満秋，有馬祐介，岩田博夫：末端メトキシ化 PEG 担持表面の劣化による血清補体の活性化．第57回高分子討
論会（2008.9.24-26．大阪）
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Organogenesis involves the concerted action of many signaling factors to orchestrate tissue remodeling and cell
differentiation. This October, our laboratory has launched a project to establish the molecular mechanisms
underlying roughly arranged tissue structures by major diffusible signaling factors are tuned up to well-shaped
tissue architectures. We are now focusing on a stromal membrane protein epimorphin, which usually stays at the
cytoplasmic side of the membrane as a t-SNARE protein but is promptly secreted extracellularly to elicit
morphogenic programs in adjacent epithelia. We have proposed a hypothetic model for the molecular basis of the
strict regulation of epithelial morphogenesis that involves the major signaling molecules and epimorphin (Fig.1).
Investigations for the verification and expansion of this model are now underway.
【業 績 目 録】
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C. Chen, M. Nelson, D. Bennett, E. Radisky, Y. Hirai, M. Bissell and D. Radisky : Homology with vesicle fusion
mediator syntaxin-1a predicts determinants of epimorphin/suntaxin-2 funtion in memmary epithelial
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Department of Development and Differentiation
分野主任 教授 中辻 憲夫
Prof. Norio Nakatsuji
【研 究 概 要】
生殖細胞はゲノム情報を次世代に伝達し，個体発生の起点となる細胞系譜である。その発生分化プロセスでは個
体発生能の維持形成，ゲノム再プログラム化，DNA 組換え等重要な生命現象が起こる。当研究グループでは，
（1）生殖細胞細胞質に特徴的に観察される生殖顆粒 ribonucleoprotein (RNP) 構造の構成分子同定と機能解析，
（2）減数分裂期相同遺伝子組換えの分子メカニズムの解明，（3）ショウジョウバエを用いた生殖幹細胞システムの
研究，を進めている。
(1）Tudor ドメインの繰り返し構造を持つ TDRD1/MTR1，TDRD6，TDRD7/TRAP 蛋白質はいずれもマウス
生殖顆粒に特異的に局在する。これら哺乳類 tudor 関連遺伝子群の遺伝学的，生化学的解析を進めている。これま
でに Tdrd1，6，7 遺伝子改変マウスは何れも雄生殖細胞の分化過程に異常を示す雄性不妊で有る事を明らかにし
た。同遺伝子改変マウスは生殖顆粒構造 inter-mitochondrial cement や chromatoid body の形成不全が見られ，
RNP リモデリングが起こる。一方，TDRD9/spindle-E は生殖顆粒の特異的構成分子ではないが，やはり生殖細胞
特異的に発現する。同遺伝子改変マウスを作出したところ，雄生殖細胞の第一減数分裂期の染色体対合に異常を示







Meiotic recombination nodules and homologous chromosome synapses in a spermatocyte (left) and in vitro meiotic
transition of germline stem cells (right A-D).














The germline is the cell lineage that is fundamental for the ontogeny of individuals and transmission of genetic
information. During the differentiation of the germline, intriguing and important biological processes, such as
epigenetic reprogramming, establishment/maintenance of pluripotency and homologous recombination take place.
Our current research projects focus on (1)molecular analyses of the germ-line specific cytoplasmic ribonucleoprotein
(RNP) structure, germinal granules/nuage, (2) mechanisms and factors that regulate meiotic homologous
recombination in mammals, and (3) molecular mechanisms governing stem cell regulation in Drosophila.
(1) TDRD1/MTR1, TDRD6 and TDRD7/TRAP contain multiple tudor domains and specifically localize to
mouse germinal granules/nuage. We are carrying out genetic and biochemical studies on these mammalian tudor-
related genes to reveal the functioning of germinal granule/nuage components. By using the TDRD proteins as
specific molecular markers, we developed experimental conditions to isolate germinal granules/nuage and are
currently analyzing protein and RNA composition of the structure. Protein profile was obtained by shotgun
identification by mass-spectrometry, and microarray analysis was applied to RNA fractions. Recently, we
identified and cloned a novel germ-line specific Tdrd gene, Tdrd9/spindle-E. Tdrd9 gene-targeted mice showed
incomplete pairing of homologous chromosomes during male meiosis. The mutant also exhibited elevated mRNA
expression of a class of retrotransposon, LINE1, and CpG de-methylation of cognate genomic elements.
(2) Molecular mechanisms of homologous recombination are important research subjects in molecular and cell
biology. We previously showed that primordial germ cells in mice autonomously enter into meiosis when cultured
in vitro and identified a factor that suppresses the meiotic transition in vitro. Recently, we established another in
vitro culture condition that induces meiotic transition of established germline stem cell line derived from
spermatogonia. By using this culture method, we identified signaling pathways that promote/inhibit meiotic
transition of mitotic germline stem cells. Biochemical and physiological characterization of these signaling
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pathways is currently underway. Meanwhile, we carried out genome database screening for candidate genes that
possibly participate in homologous recombination in mice. Genetic and molecular studies on such gene functions are
in progress. Through the understanding of molecular basis underlying homologous recombination, we aim to
develop a novel method for gene manipulation in mammalian cells.
(3) Stem cells are responsible for replacing damaged or dying cells in various adult tissues throughout a lifetime.
Stem cell behavior has been shown to be controlled by specialized regulatory microenvironments or 'niche' in many
systems. However, niche signals in many stem cell systems are still poorly defined. The Drosophila testis has
become one of the premiere stem cell systems to study molecular mechanisms governing stem cell self-renewal,
differentiation and proliferation. We previously showed that TGF-beta signaling from somatic cells is essential for
maintaining germline stem cells (GSCs) in the Drosophila testis. Currently, we are addressing how TGF-beta
signaling maintains GSCs in Drosophila.
【業 績 目 録】
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N. Nakatsuji : Human and monkey ES cell Lines for biomedical research and drug discovery. First International
Symposium on Human Embryonic Stem Cell Research (2008.1.31. Paris)
















N. Nakatsuji : Embryonic stem cells and other pluripotent stem cells as versatile tools for biology, cell therapy and
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クルとエピゲノムネットワーク」（2008.11.24-27．熊本）
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【研 究 概 要】
既知因子による人工多能性幹細胞の樹立
2006年，４つの転写因子 (Oct3/4，Sox2，Klf4 および c-Myc) をレトロウイルスベクターで導入することによ
り，マウス線維芽細胞を多能性細胞へ変化させることに成功した。この人工多能性幹 (induced pluripotent ; iPS)
細胞と名付けられた細胞は，遺伝子発現や試験管内での分化能のみならず，キメラマウスの生殖系列にも寄与し，




行った全ての腫瘍において外来性 c-Myc の再活性化が見られた。そこで，この問題を解決するために，c-Myc を
用いない iPS 細胞樹立法の確立を試みた。その結果，c-Myc を用いない場合，樹立効率は大きく低下するものの








Ａ．c-Myc 遺伝子を用いずに作製したヒト iPS 細胞｡














Morphology of a primary culture of hepatocytes and gastric epithelial cells (upper panels) and iPS cells from
hepatocytes (iPS-Hep) and gastric epithelial cells (iPS-Stm) (lower panels).
図5_2C
Ｃ．プラスミド DNA を用いて作製した iPS 細胞由来のキメラマウス｡
Chimera mice derived from plasmid-derived iPS cells.
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Sox2，Klf4 をコードするベクターと c-Myc をコードするベクター）を繰り返し導入する方法を選択した。結果と
して樹立できた iPS 細胞においては導入遺伝子の挿入は認められず，成体キメラマウスへ寄与した。この技術の開
発により，臨床応用を視野に入れた安全性の向上に一歩近づいたと考えられる。
Generation of induced Pluripotent Stem Cells by Defined Factors
In 2006, we firstly discovered that the retroviral transduction of four transcription factors, Oct3/4, Sox2, Klf4
and c-Myc, could change fibroblasts into pluripotent state. We named these reprogrammed cells induced
pluripotent stem (iPS) cells. We also generated iPS cells from adult human dermal fibroblasts by using same set of
reprogramming factors. Both mouse and human iPS cells showed the pluripotency identical with embryonic stem
(ES) cells. Notably iPS cells contributed to adult chimera mice and also their offspring through the germ line.
Patient, or disease-specific iPS cells will contribute to elucidation of pathogenesis, drug screening, toxicology study,
and regenerative medicine. However, some critical issues for clinical application remained to be overcome.
We observed increased tumor incidence in more than 20％ of the iPS-derived chimera mice and their offspring,
and found reactivation of the c-Myc transgene in all the tumors we examined. To overcome the issue, then we
generated mouse iPS cells from fibroblasts without c-Myc transgene, although the efficiency of iPS cell generation
were markedly decreased. Mice derived from iPS cells without c-Myc did not develop tumors during the study
period (more than one year). Furthermore, we generated human iPS cells without c-Myc. These data
demonstrated that introduction of c-Myc transgene is dispensable for direct reprogramming. On the other hand,
retroviral integrations of factors other than Myc into chromosomes should be avoided before clinical application.
However, the cellular origin and molecular mechanisms of iPS cells induction were unknown. In addition to
fibroblasts, we also established iPS cells from non-mesenchymal cells, namely, adult mouse hepatocytes and gastric
epithelial cells. These iPS cell clones appeared to be equivalent to embryonic stem cells in gene expression and
were competent to generate germline-transmitted chimeras. Genetic lineage tracings showed that liver-derived
iPS cells were derived from albumin-expressing cells. No common retroviral integration sites were found among
multiple clones. And iPS cell clones derived from hepatocyte or gastric epithelial cell had smaller number of
retroviral insertion than fibroblast-derived iPS cell clones. These data showed that iPS cells are generated by
direct reprogramming of lineage-committed somatic cells and that retroviral integration into specific sites in the
chromosomes are not required. These findings suggest that it might be possible to generate iPS cells with gene
transfer methods free from an integration mechanism.
Therefore we tried to generate mouse iPS cells with non-viral vectors. Repeated transfection of two
expression plasmids (one containing the cDNAs of Oct3/4, Sox2 and Klf4 linked by 2A sequences, and the other
containing the c-Myc cDNA) into mouse embryonic fibroblasts resulted in iPS cells. The plasmid-derived iPS cells
had no insertion of transgenes into chromosomes and they were similar to ES cells in morphology, proliferation and
developmental potential as they could contribute to adult chimeras. Thiswas a meaningful step to achieve a critical
safety concern for potential use of iPS cells in regenerative medicine.
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マウス・ヒト体細胞の iPS 細胞化に関わる microRNA の探索とその機能解析．第31回日本分子生物学会年
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後まもなく死んでしまう (Komatsu K. et al., Developmental Biol. 2007）。本研究では，10∼15％の割合で生き延び
るノックアウトマウスを用いて，坐骨神経の軸索再生におけるメルトリン β の役割を調べた。その結果，メルト
リン β ノックアウトマウスでは神経組織の再生が遅れること，Wallerian 変性や軸索伸長は正常に進行するが，ミ
エリン形成が遅れることを見出した。
そこで，神経堤細胞由来の Schwann 細胞の分化を，転写因子などのマーカー遺伝子の発現を指標に調べた。
Schwann 細胞のプロミエリン段階からミエリン形成段階への細胞分化にはプロミエリン段階を維持する Oct6 の
発現に引き続き，ミエリン形成に必須の Krox20 の活性化を必要とする。ノックアウトマウスでは，Krox20 の活
性化と，それにともなう Oct6 の発現抑制，ミエリン蛋白である myelin basic protein (MBP) や Protein0 (P0) 遺
伝子の活性化が遅れていた。またミエリン形成は，PI3K-AKT 経路の活性化を必要とするが，この活性化がノッ
クアウトマウスでは抑えられていることがわかった。マウスの脊髄・後根神経節の膜分画を調製し，シュワン細胞
の PI3K-AKT 経路を活性化する能力を調べたところ，メルトリン β ノックアウトマウスではその能力が低下して
いることがわかった。以上のように神経再生においてメルトリン β は，細胞膜依存的な PI3K-AKT 経路の活性化
制御を介して，神経細胞接着に依存した Schwann 細胞分化を制御することが明らかになった（図１）。プロミエ
リン，ミエリンステージへの分化を制御するのは，どちらもニューレグリンであり，前者が切断によって可溶型分
子を生ずる Type I ，後者が膜分子でジャクスタクラインシグナル分子と考えられている Type III ニューレグリン
であることが報告されている。メルトリン β の欠損によって神経のジャクスタクラインシグナル産生能が低下す
ることから，メルトリン β がシナプスにおいて膜型ニューレグリンシグナルの産生に関与することが推察された
(Wakatsuki et al., J Biol. Chem. in press）。
図5_31
図１．末梢神経系グリア Schwann 細胞分化におけるメルトリン β の役割
Annual Report 2008





そこで，野生型マウス胎仔では NMJ に集積するのに対しメルトリン β 欠損マウスでは集積しない転写産物を
microarray を用いて検索し，この異常に関与しそうな，いくつかの候補遺伝子を選択した。そして，そのうちの
ひとつが神経の軸索の pathfinding を制御する EphrinA5 であること，EphrinA5 欠損マウスでも，同様のNMJ 形
成の異常が見られることを見出した。メルトリン β は，そのレセプター EphA4 と相互作用し，EphrinA5-EphA4
複合体のエンドサイトーシスを抑制した。その効果は，メルトリン β のプロテアーゼ活性に依存しないもので
あった。この研究は，シナプスの安定化におけるメルトリン β の役割を明らかにするとともに，プロテアーゼに
依存しないメルトリン β の機能の存在を示したものである (Yumoto N. et al., PLoS One 2008）。
Development and regeneration require various kinds of intercellular signaling and adhesion molecules. Our
research has been focused on regulatory mechanisms of such cell-cell interactions. Numerous intercellular
signalingmolecules are generated as membrane-anchored proteins, and they are subjected to proteolytic processing
to liberate their extracellular domains (ectodomain shedding). Evidence suggests that ADAM family proteases are
involved in the ecotodmain shedding of various membrane proteins. We are currently studying roles of ADAM
proteases in development of nervous system.
図5_32
図２．神経筋接合部形成におけるメルトリン β の役割。メルトリン β ノックアウトマウスでは，アセチルコリンレセプター
の発現が，蛋白レベルでも（左）転写レベルでも筋肉の中央に局在しない（中）。さらに，軸索がシナプスを超えて
伸長する（右）。
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1. Roles of Meltrin β/ADAM19 in Progression of Schwann Cell Differentiation and Myelination during
Sciatic Nerve Regeneration
Remyelination is an important aspect of nerve regeneration after nerve injury, but the underlying mechanisms
are not fully understood. Here, we show that Meltrin β(ADAM19), a member of the ADAM (a disintegrin and
metalloprotease) family, plays crucial roles in nerve regeneration after a crush injury to the sciatic nerves. The
expression of Meltrin β was up-regulated in neurons after the crush injury. Morphometrical analysis revealed a
delay in remyelination in Meltrin β deficient nerves whereas no significant defects were observed in their axon
elongation. The activation of Krox-20, an indispensable transcription factor for myelination, was delayed in Meltrin
β deficient nerves andwas accompanied by the retarded expression ofmyelin-related proteins. Expression of Krox-
20 in Schwann cells were mediated by Akt. Phosphorylation of Akt but not that of Erks was reduced in
regenerating nerves of Meltrin βdeficient mice. The cell membrane fraction prepared from Meltrin β deficient
nerves showed a defective activation of Akt in the membrane-loaded Schwann cells. Meltrin β deficient mice
exhibited delayed sciatic functional recovery after the nerve crush. Altogether, these results reveal a role of
Meltrin β in Schwann cell differentiation and re-myelination in nerve regeneration. Moreover, this study suggests
that Meltrin β functions as a modulator of juxtacrine signaling from axons that activates Akt pathway and Krox-20
prerequisite for Schwann cell differentiation.
2. Meltrin β/ADAM19 interacting with EphA4 in developing neural cells participates in formation of the
neuromuscular junction
Background
Development of the neuromuscular junction (NMJ) is initiated by the formation of postsynaptic specializations in
the central zones of muscles, followed by the arrival of motor nerve terminals opposite the postsynaptic regions.
The post- and presynaptic components are then stabilized and modified to form mature synapses. Roles of ADAM
(A Disintegrin And Metalloprotease) family proteins in the formation of the NMJ have not been reported previously.
Principal findings
We report here that Meltrin β , ADAM19, participates in the formation of the NMJ. The zone of EphA4
interacted with each other in developing motor neurons, and both of these proteins localized in the NMJ.
Coexpression of Meltrin β and EphA4 strongly blocked vesicular internalization of ephrin-A5?EphA4 complexes
without requiring the protease activity of Meltrin β , suggesting a regulatory role of Meltrin β in ephrin-A5-Eph
signaling
Conclusion
Meltrin β plays a regulatory role in formation of the NMJ. The endocytosis of ephrin-Eph complexes is
required for efficient contact-dependent repulsion between ephrin and Eph. We propose that Meltrin βstabilizes
the interaction between ephrin-A5 and EphA4 by regulating endocytosis of the ephrinA5-EphA complex negatively,
which would contribute to the fine-tuning of the NMJ during development
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頻度で胸腺リンパ腫が生じる。そこでわれわれは胸腺リンパ腫の TCRβ 鎖遺伝子座 (TCRβ genotype) の構造を解
析することで，胸腺再生の過程でおきた異常を明らかにしようとしてきた。これまでに，一部の胸腺リンパ腫にお
いては TCRβ genotype が一つではないことを示すデータが得られていた。今年度はこれら複数の genotype が共
通の要素を含んでいることをつきとめた。
一つの胸腺リンパ腫に複数の genotype が存在する場合，大部分の細胞はある一つの genotype を有し，さまざ
まな genotype は残りの細胞から検出される（図１）。興味深いことに，前者の genotype におけるDJ construct と











分子に関して，通常の BALB/c マウス (CD45.2) と比較して，CD45 分子の細胞外ドメインの５個のアミノ酸配
列が変異しているが，生後半年以降に高頻度で頭や背中の皮膚炎，アレルギー性結膜炎や中耳炎を発症する。
BALB/c.CD45.1 マウスにおけるこれらの免疫異常は，血中の Th2 サイトカインや IgE の上昇と時期を一致して
おり，細胞レベルでは，リンパ節における CD69 陽性Ｂ細胞数の増加とこれらのB細胞における Jak3 および Stat6
のチロシンリン酸化の亢進が認められた。Jak3/Stat6 の信号伝達系は IgE 産生に重要であることが示されている
ことから，これらの結果は，CD45.1 マウスが持つ CD45 分子 (CD45.1) は CD45.2 分子と比較して，PTP 活性
が低下している，もしくは低下しやすいことを示唆していると考えられた。この点について解析を行ったところ，
CD45.1 マウスのＢ細胞内の CD45 分子は，年齢とともに PTP 活性が CD45.2 マウスに較べて有意に低下してい









VDJ construct 中のＶは多種類であるのに，DJ 部分は一
種類 (D1J2.2；下線部）で，feedback inhibition によって






図２．BALB/c.CD45.1 マウスにおける抗 CD45 抗
体による IgE 産生の増強のメカニズム。抗




OFF になると，その下流の Jak3/Stat6 のリ
ン酸化が促進され，過剰の IgE が産生され
るようになる。
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著に低下することから，細胞表面 CD45 分子のダイマー形成が CD45 分子そのものの PTP 活性低下の原因になっ
ている可能性が示された。この点を直接確かめるために，Ovalbumin (OVA) 抗原投与を行ったマウスに，Ｂ細胞




Our research aim focuses on two major areas. (1) Molecular mechanism of X-ray-induced thymic
lymphomagenesis in C57BL/6 mice and (2) Molecular and cellular mechanisms of inflammatory diseases in
BALB/c.CD45.1 congenic mice.
1. TCRβ genotypes detected from a murine thymic lymphoma
Irradiation to mice, even at low dose, causes atrophy of their thymi. Normally, immigrating stem cells from
bone marrow and intensive proliferation and differentiation of survived thymocytes regenerate the thymus.
Thymic lymphomas however are often induced in irradiated mice. In order to elucidate the anomaly in the thymic
regeneration, we have analyzed TCRβ chain gene loci in thymic lymphomas. Our previous data show that some
thymic lymphomas contain several TCRβ genotypes. This year, we have revealed that all the genotypes detected
in a thymic lymphoma have a part in common.
In case a thymic lymphoma has several TCRβ genotypes, a large portion of the cells have a genotype and the
rest have various genotypes for each (Fig.1). Interestingly, the DJ construct in the former and all the DJ fragments
in the VDJ constructs in the latter were identical. Therefore the identity strongly suggests that the minor cells
undertook the second V to DJ recombination in the other allele even though the first V to DJ rearrangement had
been productive. Our finding is against the feedback inhibition of TCRb V to DJ rearrangement. As a next stage,
we are going to investigate whether this phenomena is restricted to the thymic regeneration.
2. Molecular and cellular mechanism of immune disorders in BLB/c.CD45.1 mice.
BALB/c.CD45.1 congenic mice spontaneously develop atopic dermatitis in skins aswell as allergic inflammatory
diseases in eytes and ears after 6 months of age. The concentration of Th2 cytokines and IgE in bloodwas elevated
in these mice as comparedwith normal BALB/c mice. However,more profound effects are found in lymph node B-
cell population. Higher number of activated (CD69＋) B-cellswere detected in axillary lymph nodes in these mice, and
the expression of activation-induced cytidine deamisase (AID) and the germline Ige transcriptswere highly elevated
in these B-cells. Biochemical analysis revealed that tyrosine phosphorylation of Jak3/Stat6 in lymph node B-cells in
aged BALB/c.CD45.1 mice was significantly higher than that in normal BALB/c mice. Because the activation of
Jak3/Stat6 system is shown to be required for IgE production in B-cells and CD45 is involved in the regulation of
Jak3/Stat6, these results suggest that PTPase activity of CD45 in aged BALB/c.CD45.1 lymph node B-cells is
reduced as comparedwith normal BALB/c B-cells. Using the assay method to directly quantitate the PTP activity
of CD45 molecules, we showed that PTPase activity of CD45 molecules in aged BALB/c.CD45.1 mice was
significantly lower than that in normal mice. To investigate the role of CD45molecules in higher production of IgE
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in vivo, we injected B-cell specific anti-CD45 antibody (14.8) in ovalbumine (OVA)-immunized mice and OVA-specific
IgE levels are compared. The results showed that OVA-specific IgE production was greatly enhanced by the
injection of anti-CD45, suggesting that the cross-linking of B-cell surface CD45molecules resulted in reduced PTPase
activity of CD45 and elevated production of IgE. Similar mechanisms might be involved in the immune disorders
developed in BALB/c.CD45.1 mice.
【業 績 目 録】
 学会等の発表 
学会・研究会
藤本真慈，柿沼志津子，喜納辰夫，島田義也：一頭のマウスに発生した胸腺リンパ腫の TCRb genotype は必ずし
も１種類ではない．Kyoto T Cell Conference 第18回学術集会（2008.6.13-14．京都）
Shinji Fujimoto, Shizuko Kakinuma, Tatsuo Kina and Yoshiya Shimada : Further V to DJ rearrangement of TCRb
gene in the presence of an in-frame VDJ construct. 第38回日本免疫学会総会・学術集会（2008.12.1-3．京
都）
Shinji Fujimoto, Shizuko Kakinuma, Tatsuo Kina and Yoshiya Shimada : TCRb V to DJ rearrangement in the DP





Institute for Frontier Medical Sciences
再生医学応用研究部門
生体修復応用分野
Department of Biological Repair
分野主任 准教授 高橋 淳
Assoc. Prof. Jun Takahashi
【研 究 概 要】






細胞死抑制に関して，ROCK 阻害薬が細胞分散による細胞死 (anoikis) を抑制することを明らかにし報告した。
ROCK 阻害薬で処理することにより細胞移植24∼48時間後の細胞死が有意に減少し，細胞移植の効率化に寄与す






We are developing a cell replacement therapy for the neurological disorders by using stem cells, especially
embryonic stem cells (ES cells) and induced pluripotent stem cells (iPS cells). The main target is Parkinson's




Fig. 1. Induction of DA neurons from human ES cells on meningeal cells (TH＋cells＝red, Tuj1＋cells＝green)
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the cells into the brain to improve neurological symptoms. So far, we have demonstrated that transplantation of
monkey ES cell-derived neurons improved the Parkinsonian symptoms of the monkey models. In addition, we have
revealed a method to prevent tumor formation. Now, we are inducing DA neurons from human ES and iPS cells,
and developing a safe and effective method for clinical application of these cells.
We have reported that cell death after dissociation (anoikis) of ES cells or ES cell-derived neural precursor cells
(NPCs) can be reduced by the treatment with ROCK inhibitor. Cell death immediately after injection into the brain
was significantly reduced by ROCK inhibitor, so these results are useful for the efficient cell transplantation. We
have also revealed that meningeal cells can be used as feeders to induce DA neurons from ES cells (Fig. 1), and
Wnt5a plays an important role in the stromal cell-derived inducing activity (SDIA). We hope that further
investigation of the molecular mechanism of SDIA will lead to chemically defined neuronal induction. In addition,
we have demonstrated that host-derived leukocytes, including microglia, macrophages, and lymphocytes,
accumulate around the grafts of mouse ES cell-derived NPCs in host mouse brains, and that they suppressed
neuronal differentiation of the grafted NPCs. As it is suggested that IL-6 is involved in this suppression, we are
investigating the effects of the host brain environment including pro-inflammatory cytokines on the differentiation of
the grafted NPCs.
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細胞を用いた再生医療と同時に，薬剤等による in situ での組織再生の探求も重要な課題である。我々は生理活
性物質であるプロスタグランディン E2 (PGE2) に注目し，その関節軟骨病態への応用を検討してきた。マウスお
よびヒト軟骨細胞を用いた in vitro 実験で，４種類の PGE2 受容体の中の EP2 受容体に特異的に作用するアゴニ






①術前の MRI 像。②病巣の掻爬のための開窓およびＸ線透視下の掻爬。③培養 MSC と人工骨の混合。④病巣部へ
の移植。⑤血管柄付腸骨の採取および開窓部への移植。⑥術後３ヶ月の MRI 像。良好な骨再生像が得られている。
Fig. 1. Outlines of the new treatment with MSC for avascular necrosis of femoral head.
①Preoperative MRI finding. ②Fenestration and curettage under fluoroscopy. ③Mixture of cultured MSC and
artificial bone. ④Transplantation into the curetted region. ⑤Vascularized iliac bone grafting. ⑥Postoperative





iPS 細胞に関する研究を行っている。現在のテーマは，iPS 細胞からの MSC の誘導法の樹立，樹立細胞源として
骨髄間質細胞と皮膚線維芽細胞の異同，および骨軟骨関連難治性疾患患者からの iPS 細胞の樹立である。
（文責 戸口田淳也)
The major objects of our department are to understand the basic biology of growth and differentiation of
mesenchymal tissues and to develop new therapeutic modalities for pathological conditions in mesenchymal tissues.
Following projects are currently undertaken.
1. Regulation of growth and differentiation potential of mesenchymal stem cells
Mesenchymal stem cells (MSC), which exist in bone marrow stromal tissues, have a potential to differentiate to
cells of various types in mesenchymal tissues. There are, however, still many fundamental features of MSC are
unknown, which are crucial for the development of regeneration therapy using MSC as the evidence based medicine.
In collaboration with the Department of Orthopaedic Surgery in Kyoto University Hospital, we have analyzed the
growth and differentiation potential of primary human MSCs. As for the growth regulation, we found that
increased expression of the p16 gene, which is a key regulator of cell cycle, was the main cause inducing the
senescence and growth arrest of MSC. We also found that the hypoxic culture condition inhibited the upregulation
of the p16 gene. As for the differentiation potential, we used immortalized MSC clones that we have established
and found that the CD106 expression correlated positively and negatively with the adipogenic and osteogenic
differentiation potential, respectively. Also we found that the response to exogenous TGF β determined the
chondrogenic potential of each clone. These findings indicated that MSC which have been analyzed as a whole are
a group pf heterogeneous cells which has different potential of growth and differentiation and provide a key to
understand the basic biology of MSC.
2. Establishment of surveillance system for transformation of MSC
Cancer cells are now considered to be derived from tissue stem cells resided in each tissue and therefore MSCs
are potentially progenitors of malignant tumors developed in the mesenchymal tissues, sarcomas. Several reports
showed that the chromosomal aberrations may take place during the culture of mouse and also human MSC,
especially when cells were seeded and cultured in low density condition to stimulate growth. This issue should be
seriously considered to promote the regenerative medicine in mesenchymal tissues using MSC. As one of
important initial mutations, we have focused on the methylation of the p16 gene and established the method to detect
the methylation quantitatively. Using this method, we have found that the methylation of the p16 gene did take
place during the in vitro culture of MSC elongating the in vitro life. With additional analyses of other type of
mutations, our final goal is to establish the transformation surveillance system of MSC.
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3. Clinical trial of the new treatment for osteonecrosis using MSC
As the clinical application of MSC, we have engaged in the development of cell transplantation therapy for
osteonecrosis. Based on the results obtained by the animal experiments using dogs, we established the protocol for
the clinical trial in collaboration with Center for Cellular and Molecular Therapy in Kyoto University Hospital, which
followed the guideline for the clinical trial using somatic stem cells issued by the the Ministry of Health, Labour and
Welfare (MHLW) on September 1, 2006. After the examination of ethical committee of Kyoto University and
MHLW, our protocol was approved on November 25, 2007 and the first case was registered on November 31, 2007.
Since then 11 cases have been treated until the end of December 2008 (Fig. 1). Twenty cases will be treated during
two years, followed for two years and evaluated by radiological and clinical examination.
4. Application of agonist for the PGE2 receptors for the articular cartilage repair
In addition to the development of cell therapy, it is also important to develop the in situ treatment using drugs or
small molecular materials. We have focused on prostaglandin E2, which is one of physiological active materials and
investigated the application of PGE2 to the regeneration therapy of articular cartilage. We have reported that the
agonist specific to EP2, which is one of four types of PGE2 receptor, stimulated the growth of mouse and human
chondrocytes extracted from articlular cartilage. Based on these results, we have performed the in vivo
experiments using rabbits and found that in combination with appropriate DDS, EP2 agonist enhanced the cartilage
regeneration in vivo and also contributed to reconstruct the osteo-chondral boundary, which is important factor to
maintain normal structure of articular cartilage. These data strongly suggested that EP2 agonist is a promising
candidate for clinical trial as therapeutic drug.
5. Application of agonist for the PGE2 receptors for the articular cartilage repair
iPS cells are autologous pluripotent cells, which were established by Prof. Shinya Yamanaka on November 2007.
We have been engaging the research related to iPS cells as the faculty member in the Center for iPS Research and
Application, Kyoto University, which was established on January 22, 2008. Current theme are ; the induction of
MSC from iPS cells, the difference between bone marrow stromal cells and skin fibroblasts as the cell source for iPS
cells and the establishment of iPS cells from patients suffering bone and cartilage diseases with no effective
treatments.
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Our final goal is to establish regenerative medicine for diabetes mellitus, which should be a safe and effective
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therapy available whenever and wherever required for a growing number of diabetes patients world-wide.
Although therapy for severe diabetes mellitus still depends mostly on insulin replacement therapy, a slowly growing
number of patients are recently treated by pancreas organ transplantation or islet transplantation even in Japan.
However, donor shortage and complications due to immunosuppressive therapy are inevitable problems of allo-
transplantation. In addition, islet transplantation that drew attention as a promising curable treatment has become
less attractive because of rather a short duration of insulin-free period after transplantation and poor outcome in
some facilities. Therefore, current transplantation therapies are still far from our dream.
In order to develop regenerative medicine for diabetes mellitus, there are several different approaches such as
enhancement of patient's own islet regeneration, auto- or allo-geneic islet-like cells differentiated from somatic,
embryonic or induced pluripotent stem cells in vitro and xeno-geneic islets isolated from the pancreas of animals e.g.
pigs. If these cells are clinically usable, the problem of donor shortage will be solved. However, as long as nonself
cells are used and even autologous cells are used to type-1 diabetes that has autoimmune background, efficient
immunosuppression should be required. In order to avoid it, we are diligently studying bio-artificial pancreas, in
which islet cells are encapsulated by several kinds of semi-permeable membrane and thereby protected from host
immune responses.
We have established isolation method of porcine pancreatic endocrine cells as well as rat islets. Using these
islets, we have successfully shown the efficacy of several macro-devices of bioartificial pancreas such as mesh-
reinforced polyvinyl alcohol (PVA) tube and bag, rod-shaped device of agarose containing polystyrene sulfonate, anti-
complement substance and so on in allo- and xeno-geneic situations. We have also shown that the subcutaneous site
pretreated for angiogenesis can be successfully used for transplantation site of these devices, leading to long-term
normalization of blood glucose levels in diabetic mice. Recently we developed a novel method to make a sheet-
shaped PVA-macroencapsulated islets by a combination of the freezing technique of islets and the phenomenon that
PVA solution becomes gel by freezing and thawing. Briefly, islets are suspended in islet freezing solution
containing PVA and this viscous solution is molded into a mesh-reinforced sheet and then frozen. This method
enables us to make a device of any size with any shape that may be applicable to bigger animals and humans.
Using this macro-device, we recently examined the effect in iso- and allogeneic situations in rats and found that
hyperglycemia can be improved as long as 24 weeks, although the effect gradually weakened, in the allo-geneic
situation in that transplanted free islets are promptly rejected (Wistar to Lewis). On the other hand, in iso-geneic
situation (Lewis to Lewis) in which free islets shows life-time engraftment, the effect of the device attenuates in a
similar manner as in the allo-geneic situation. Therefore, we have made some basic improvement for long-lasting
function and also demonstrated that the device released (or more practically permeate) glucose and insulin in about
10 min but IgG hardly did.
Other related researches are as follows. We have established a method of cell fusion between islet cells and
mesenchymal stem cells and currently studying its effect on islet function in vitro and in vivo after transplantation.
In addition, we found that PDX1 (the master gene of the pancreas)-positive undifferentiated cells can be cultured
from exocrine tissue residual after islet isolation and studying their possibility toward diabetes therapy.
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Institute for Frontier Medical Sciences
中に作れば，哺乳動物の臓器や組織も両生類のイモリのように再生復元させることが出来るというメカニズムを医
学に応用するものです。このような“in situ Tissue Engineering”は世界に先駆けて我々が提唱してきた方法であ
り，人工気管や人工神経などはすでに臨床応用され，これによって救われる患者さんの数も着々と増えてきていま
す。この新しい技術は21世紀の医療の中心的柱になるものと考えています。
In situ Tissue Engineering :We have devised a completely new approach to the development of artificial organs.
The main procedure using tissue engineering for tissues and internal organs involves the removal of the cell
component from auto- or allo-organs to obtain only the extracellular matrix, so-called refined extracellular matrix
(ECM) and reconstitutes the solid structure from the extracted collagen. This ECM or reconstituted structure is
then employed as scaffolding, which after implantation into the patients is used for the regeneration or re-
differentiation of tissue. Organs made of self-cells thus regenerate. Organs that regenerate in this manner not
only possess highly differentiated tissue structures, but also show functional recovery, because all the cells are
derived from the patients themselves. Whether or not our new method is practicable will depend mainly on the
intrinsic regeneration capacity of each tissue. Up to now, in higher mammals including man, it has been believed
that highly differentiated organs lose their ability to regenerate. We consider that mammals do not, in fact, lose this










sense, if we can provide good conditions using refind ECM, we can induce this hidden potential even in higher
mammals. We have already carried out succeessful trials at regenerating peripheral nerves, the esophagus, the
trachea and blood vessels with this method. A similar method is also applicable to other soft tissue organs such as
the liver, heart and lung, as well as the spinal cord. These results will be welcomed by patients who are dependent
on palliative life-support systems, or transplantation candidates who are waiting for suitable donors. An additional
benefit is that patients will be freed from the side effects of immunosuppressive drugs. The judgment of the brain
death can then be discussed separately from the issue of transplantation and will become a personal problem.
Further more, this new approach help to reduce ever-expanding medical costs, which are in danger of destroying our
health insurance system in the near future.
No study based on these concepts has ever been done either in Japan or abroad. In this sense, our pioneering
work is expected to be a major area of medical science for the coming generation.
1. Strategy and Targets of Our Study
The target organs currently being considered for this development project are the heart, heart valves,
esophagus, stomach, intestine, gallbladder, trachea, lung, liver, kidney, peripheral nerves, spinal cord, cornea,
tendons, ligaments, cartilage, bone, fatty tissue, periodontal tissue and permanent teeth. We plan to employ the two
majour methods as described below.
2. ECM Method
To obtain the purified extracellular matrix, cell components are completely removed from homo or allo-
organs. The solid structure is reconstituted from the ECM and extracted collagen. Growth factors are then
applied to facilitate cell proliferation. Then this ECM-collagen-growth factor composite is implanted into the living
body as a temporary scaffolding for new organ regeneration. Besides this, bioabsorbable materials will also be
applied instead of purified ECM as a bulk structure for organ regeneration. Both extracted collagen and growth
factors are should facilitate cell proliferation and cell redifferentiation, leading to regeneration of organs completely
composed of cells derived from patients.
3. Cell＋ECM Method
Cells (or living tissues) of patients are complexed (mixed) with purified ECM or bioabsorbable material. Using
this complex, reconstruction of the failing tissues or organs will be attempted. Mesenchymal stem cell (MSC)
obtained from the bone marrow is now applied to this method.
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まず，個体内での GPI アンカー型蛋白質の局在を網羅的に解析するために，GPI アンカー型 GFP レポーター蛋白
質 (EGFP-GPI) を構築した。これを導入したトランスジェニックマウスでは，予想以上に EGFP-GPI が，外分泌














子をジペプチダーゼ不活性型ACE で処理したところ受精能が回復した。このことから，ACE は in vivo で GPI ア
ンカー型蛋白質遊離活性 (GPIase) があり，この活性をもって受精に重要な役割を担っていることが示唆された
(G. Kondoh et al., Nat. Med. 11, 160-166, 2005）。
そこで，我々は，ACE の受精における機能をさらに追究するためジペプチダーゼ不活性型 tACE（精巣型アイ





においてジペプチダーゼとして機能し，二元的に受精に関与していることが示唆された (E. Deguchi et al., Biol.
Reprod. 77, 794-802, 2007）。





tACE を CHO 細胞で発現させて得た分子の両活性を，COS7 細胞由来分子と比較したところ，ジペプチダーゼ活
性は同等であったが，GPIase 活性は CHO 由来分子のほうが有意に高かった。そこで，これらの分子の糖鎖プロ
ファイリングを，レクチンアレイ (LecChipTM) を用いて解析した。その結果，両分子間で糖鎖プロファイリング
の違いが認められた。これらのことから，Ｏ型糖鎖の有無は tACE の両活性の基盤に影響は与えないものの，そ








なインジェクション機器の購入や煩雑なメインテナンスのいらない方法を可能にした (G. Kondoh et al., J.
Biochem. Biophy. Methods. 39, 137-142, 1999）。これらの技術集約のもとに，過去４年間で11件の遺伝子改変マウ
ス作出に参加した。
We have previously found that the angiotensin-converting enzyme (ACE) carries GPI-anchored protein
releasing activity (GPIase) as well as dipeptidase activity. Testicular ACE (tACE), the male germinal specific
isozyme, plays a crucial role inmale fertilization. The amino-terminal region of this isozyme is different from that of
somatic isozyme (sACE) and contains potential O-linked glycosylation sites. By multiple mutagenesis after an in
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silico prediction, amino acid residues acquiring O-glycans were assigned. Both GPIase and dipeptidase activities
were compared between O-glycan null mutant and wild-type molecules, but no differences were found.
Furthermore, the wild-type tACE was produced in two different cells (COS7 and CHO) and its activities compared.
The GPIase activity, but not dipeptidase, was apparently higher for CHO-derived molecule than COS7. Sensitivity
to neuraminidase and O-glycosidase digestions and the profile of glycosylation were quite different between these
two molecules. Moreover, serial digestions with neuraminidase and O-glycosidase have no influence on GPIase
activity of both molecules, suggesting that the sialylation and the presence of O-glycan has no influence on tACE
enzyme activities, while the set of glycans modulate GPIase activity.
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イギリス Sheffield 大学などの機関を中心とした International Stem Cell Initiative において，ヒト ES 細胞の医
療応用に際して必要となる特性解析の標準化等が進められており，我々もこの共同研究に参加している。現在，
ES 細胞の比較解析などより高精度に行うために，培養条件の標準化に向けての作業が行われている。
２．Wnt シグナルは BMP シグナルと協調して ES 細胞の分化運命を制御する
Wnt/β-catenin を介したシグナル伝達は動物の発生分化の様々な局面で重要な機能を果たしていることが知られ
図8_1
図１．ES 細胞において β-catenin が活性されると原条へと分化する。原条からは BMP の刺激により中
胚葉がつくられ，BMP が抑制されると中内胚葉が形成される。
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ている。マウス ES 細胞では，Wnt による β-catenin の活性化が ES 細胞の自己増殖に重要な機能を果たしている
ことが知られている。そこでヒト ES 細胞で，β-catenin の活性化を誘導したところ未分化状態の維持ではなくむ
しろ細胞分化が誘導されることがわかった。遺伝子発現の解析結果などから，この細胞分化過程で ES 細胞はまず






Laboratory of Embryonic Stem Cell Research, Stem Cell Research Center.
1. Establishment and analysis of human ES cell lines.
Embryonic stem (ES) cell lines are pluripotent stem cell lines which can be propagated indefinitely in culture
retaining their differentiation potency into every cell types of tissues in the body. Since establishment of human ES
cell lines were reported, clinical use of functional tissues and cells from human ES cells are expected. In Japan,
there have been many demands for use of human ES cells on basic and pre-clinical researches. We started to
establish human ES cell lines using donated frozen embryos in January 2003 and successfully established three
human ES cell lines. We have distributed these cell lines to over 30 laboratories.
In December 2008, we established two human ES cell lines, KhES-4 and KhES-5.
2. Wnt and BMP specify human ES cell fate.
The canonical Wnt/β-catenin signaling has remarkably diverse roles in embryonic development, stem cell self-
renewal, and cancer progression. Here we show that stabilized expression of β-catenin perturbed human
embryonic stem (hES)-cell self-renewal, such that up to 80％ of the hES cells developed into the primitive streak
(PS)/mesoderm progenitors, reminiscent of early mammalian embryogenesis. The commitment of the
PS/mesoderm progenitors essentially depended on the cooperative action of β-catenin together with Activin/Nodal
and BMP signaling pathways. Intriguingly, blockade of BMP signaling completely abolished mesoderm generation,
and induced a cell fate change toward the anterior PS population. The PI3-kinase/Akt, but not MAPK, signaling
pathway had a crucial role in the anterior PS commitment, at least in part, by enhancing β-catenin stability. Our
findings demonstrate that the orchestrated balance of canonical Wnt/β-catenin and BMP signaling directs the cell
fate of the nascent PS during hES cell differentiation. Further, the hES cell model system allows us to uncover the
molecular networks involved in early lineage specification and to produce functional cells from hES cells for
regenerative medicine and drug discovery.
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【研 究 概 要】
幹細胞分化制御研究領域では，ES 細胞（胚性幹細胞：embryonic stem cells) を用いて，心血管系の細胞分化・
再生に関する研究を行っている。
ES 細胞は，全ての種類の細胞に分化することができるいわゆる「万能」幹細胞と考えられている。この全能性






細胞を用いて in vitro において中胚葉，さらには血管の構成細胞である血管内皮細胞と壁細胞（血管平滑筋細胞お
よびペリサイト）を選択的に分化誘導し，最終的に血管としての高次構造を in vitro および in vivo において構築




導することと共に新しい心筋前駆細胞の同定に成功している (Yamashita, FASEB J, 2005）。また最近では，動静
脈リンパ管内皮細胞分化や心筋ペースメーカー細胞などさらに多様な心血管細胞の分化誘導を行っている
(Yamashita, Trends Cardiovasc Med, 2007 ; Yanagi, Stem Cells，2007他）（図）。
さらに，最近本研究所山中伸弥教授によって樹立された人工多能性幹細胞 (iPS 細胞）を用いて同様の実験シス
テムを構築し，新たな心血管再生研究を開始している。ES 細胞研究において蓄積したノウハウを用いていち早く
マウス iPS 細胞を用いた心血管系細胞の分化誘導に成功した (Narazaki, Circulation, 2008）。
このように我々の ES 細胞を用いた in vitro 分化系は，心血管および血球という循環器系の細胞群を系統的に分
化誘導することができ，心血管の発生分化過程を培養下に恣意的に操作しながらしかも経時的に観察できる。従っ
て，この分化系を用いることにより心臓血管の発生分化のメカニズムを細胞レベル，分子レベルで検討し，ノック
アウトマウスの形質解析に依存していた分化の分子機構の解析を in vitro で行うという新しいアプローチが可能に
なったと考えられた。
現在，この ES 細胞 in vitro 分化系を用いて，以下のようなプロジェクトを遂行および予定している。
１．ES 細胞 in vitro 分化系を用いた血管細胞分化・多様化の分子機構の解析
１）DNA チップを用いた網羅的血管分化関連遺伝子の同定
２）RNA 干渉を用いた in vitro 遺伝子機能解析系の構築 (Hiraoka-Kanie, Biochem Biophys Res Commun, 2006)
３）動静脈・リンパ管内皮特異的分化誘導と内皮細胞多様化機構の解析 (Yurugi-Kobayashi, Arterioscler
Thromb Vasc Biol, 2006 ; Kono, Arterioscler Thromb Vasc Biol, 2006 ; Yamashita, Trends Cardiovasc Med, 2007)
４）物理的刺激の血管内皮分化多様化における意義 (Yamamoto, Am J Physiol Heart Circ Physiol, 2005)
２．誘導血管細胞の血管再生への応用
１）移植におけるドナー細胞の最適な分化段階の決定 (Yurugi-Kobayashi, Blood, 2003)
２）移植細胞の遺伝子修飾による組織への動員，生着効率の改善効果の検討
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３）人工生体材料を用いた新しいハイブリッド人工血管の開発 (Huang, J Artif Organ, 2005)
３．ES 細胞からの心筋細胞の分化誘導
１）２次元培養による新しい ES 細胞からの心筋細胞分化誘導法の開発と新しい心筋前駆細胞の同定
(Yamashita, FASEB J, 2005)
２）心筋細胞 in vitro 分化系を用いた心筋分化・多様化の分子機構の解析
３）ES 細胞由来心筋細胞自動能形成機構の解析 (Yanagi, Stem Cells, 2007)





京都大学臨床病態医科学との共同研究により，サル ES 細胞からの血管分化誘導に成功した (Sone,
Circulation, 2003)
２）ヒト ES 細胞からの血管分化誘導
京都大学臨床病態医科学申請の輸入ヒト ES 細胞を用いた血管分化研究に参画 (Sone, Arterioscler Thromb
Vasc Biol, 2007 ; Yamahara, PLoS One, 2008)
３）ヒト ES 細胞からの心筋細胞分化誘導





１）マウス iPS 細胞を用いた心血管分化系の構築 (Narazaki, Circulation, 2008)
２）ヒト iPS 細胞からの心血管細胞分化誘導法の開発
３）iPS 細胞分化システムのケミカルバイオロジーおよび創薬応用 (Nakao, Bioorg Med Chem Lett, 2008)
Main theme of our research : Elucidation of cellular and molecular mechanisms of cardiovascular development and
the application to cardiovascular regeneration using in vitro differentiation system of embryonic stem cells (and
induced pluripotent stem cells).
Peviously, we established a novel in vitro vascular differentiation system of ES cells (Yamashita, Nature, 2000).
Using ES cell-derived Flk1 (VEGF receptor-2)-positive mesodermal cells as starting material, we can induce all of the
vascular cellular compartments, that is, endothelial cells, mural cells (vascular smooth muscle cells and pericytes)
and blood cells. Vessel-like structures of endothelial cell tube with mural cell attachment and blood cell inside are
formed from Flk1＋ cell aggregates in 3-D culture. Thus, this in vitro system should reproduce the early process of
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vascular development. And we also demonstrated that the transplanted vascular cells induced by this system
could contribute to developing vasculature in vivo. Moreover, we have succeeded in inducing cardiomyocytes from
Flk1＋ cells and identifying a novel cardiac progenitor cells (Yamashita, FASEB J, 2005). Recently, we succeeded in
inducing arterial, venous and lymphatic endothelial cells (Yamashita, Trends Cardiovasc Med, 2007 etc). All of
cardiovascular cellular components, thus, could be induced in our in vitro differentiation system (Fig. 1).
Recently, we have started new research with the use of novel adult tissue derived pluripotent stem cells,
induced pluripotent stem (iPS) cells and succeeded in systematic cardiovascular cell differentiation of mouse iPS cells
(Narazaki, Circulation, 2008). Research projects using human iPS cells for cardiovascular regeneration have been
already launched.
In this system, we can manipulate the fate of cell differentiation, observe the behavior of differentiating cells,
purify and obtain cells at various differentiation stages. This system provides us possibilities to dissect the
mechanisms of cardiovascular development from new aspects and offers novel potentials for cardiovascular
regeneration.
Research Projects :
1. Elucidation of cellular and molecular mechanisms of vascular cell differentiation and specification
using ES cell in vitro differentiation system.
1) Comprehensive molecular cloning of genes for endothelial cell differentiation by global gene expression profile
with DNA chip
2) Novel in vitro functional assay system using vector-based siRNA expression (Hiraoka-Kanie, Biochem Biophys
Res Commun, 2006).
3) Specific induction of various endothelial cells types (i.e. arterial, venous and lymphatic) and investigation of the
mechanisms for endothelial specification (Yurugi-Kobayashi, Arterioscler Thromb Vasc Biol, 2006 ; Kono,
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Fig. 1. Cardiovascular development in ES and iPS cell in vitro differentiation
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Arterioscler Thromb Vasc Biol, 2006 ; Yamashita, Trends Cardiovasc Med, 2007).
4) Significance of rheological force on endothelial differentiation and diversification (Yamamoto, Am J Physiol
Heart Circ Physiol, 2005).
2. Application of induced vascular cells to vascular regeneration
1) Evaluation of appropriate differentiation stage of donor cells for cell transplantation (Yurugi-Kobayashi. Blood,
2003).
2) Improvement of the efficacy of recruitment, contribution and survival of donor cells, by modifying gene
expressions in donor cells.
3) Development of novel hybrid vessels with ES cells and artificial scaffolds (Huang, J Artif Organ, 2005).
3. Cardiomyocyte induction from ES cells
1) Establishment of a novel cardiomyocyte induction system in 2-dimentinal culture (Yamashita, FASEB J, 2005).
2) Dissection of cellular and molecular mechanisms of cardiomyocyte differentiation
3) Ion channels to reconstitute automaticity of ES cell-derived cardiomyocytes (Yanagi, Stem Cells, 2007)
4) Specific and efficient expansion of cardiac progenitor cells and cardiomyocytes by cyclosporine-A (Yan,
Biochem Biophys Res Commun, 2009).
5) Application to cardiac regeneration―Novel cardiac progenitor therapy
4. Cardiovascular differentiation using primates ES cells
1) Vascular cell differentiation from monkey ES cells (Sone, Circulation, 2003) (Collaboration with Department of
Medicine and Clinical Sciences, Kyoto University Graduate School of Medicine).
2) Vascular cell differentiation from human ES cells (Sone,Arterioscler Thromb Vasc Biol, 2007 ; Yamahara, PLoS
One, 2008) (Collaboration with Department of Medicine and Clinical Sciences)
3) Cardiomyocyte differentiation using human ES cells. Our human ES cell research project "Research for
differentiation mechanisms of cardiovascular cell differentiation using human ES cells" has been approved by the
Science Ministry of Japan (2005.3.10).
5. Cardiovascular differentiation and regeneration using induced pluripotent stem (iPS) cells
(Collaboration with Department of Stem Cell Biology, Institute for Frontier Medical Sciences, Kyoto
University).
1) Establishment of cardiovascular cell differentiation system of mouse iPS cells (Narazaki, Circulation, 2008).
2) Cardiovascular cell differentiation and regeneration from human iPS cells.
3) Application of iPS cell differentiation system to chemical biology and drug screening (Nakao, Bioorg Med Chem
Lett, 2008).
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【業 績 目 録】
 誌 上 発 表 
１）原著論文
(* corresponding author)
1. P. Yan,A. Nagasawa, H. Uosaki,A. Sugimoto, K. Yamamizu, M. Teranishi, H. Matsuda, S. Matsuoka, T. Ikeda, M.
Komeda, R. Sakata and J.K. Yamashita* : Cyclosporin-A potently induces highly cardiogenic progenitors from
embryonic stem cells. Biochem. Biophys. Res. Commun. 379 : 115-120 (2009)
2. G. Narazaki, M. Uosaki, M. Teranishi, K. Okita, B. Kim, S. Matsuoka, S. Yamanaka and J.K. Yamashita* : Directed
and systematic differentiation of cardiovascular cells from mouse induced pluripotent stem cells. Circulation
118 : 498-506 (2008)
3. J.K. Yamashita : A linkage in the developmental pathway of vascular and hematopoietic cells. In K. Tanaka,
E.W. Davie. Recent Advances in Thrombosis and Hemostasis 2008. Part 5, p. 363-p. 373. Springer, Tokyo
(2008)
4. Y. Nakao*, G. Narazaki, T. Hoshino, S. Maeda, M. Yoshida, H. Maejima and J.K. Yamashita* : Evaluation of
antiangiogenic activity of azumamides by the in vitro vascular organization model using mouse induced
pluripotent stem (iPS) cells. Bioorg. Med. Chem. Lett. 18 : 2982-2984 (2008)
5. K. Yamahara, M. Sone, H. Itoh, J.K. Yamashita, T. Yurugi-Kobayashi, K. Homma, T.H. Chao, K. Miyashita, K.
Park, N. Oyamada, N. Sawada, D. Taura, N. Tamura and K. Nakao : Augmentation of neovascularizaiton in
hindlimb ischemia by combined transplantation of human embryonic stem cells-derived endothelial and mural
cells. PLoS One 3 : e1666 (2008)
6. M. Matsuda, Y. Kobayashi, S. Masuda, M. Adachi, T. Watanabe, J.K. Yamashita, E. Nishi, S. Tsukita and M.
Furuse : Identification of adherens junction-associated GTPase activating proteins by the fluorescence
localization-based expression cloning. Exp. Cell Res. 314 : 939-949 (2008)
7. N. Shimizu,K.Yamamoto, S.Obi, S.Kumagaya,T. Masumura,Y. Shimano,K.Naruse, J.K.Yamashita,T. Igarashi
and J. Ando : Cyclic strain induces mouse embryonic stem cell differentiation into vascular smooth muscle cells
by activating PDGF receptor {beta}. J. Appl. Physiol. 104 : 766-772 (2008)
２）和文総説
1. 山下 潤：｢iPS 細胞を用いた血管再生」．CLINICIAN「再生医療を考える」56：61-74（2008）エーザイ株式
会社
2. 山下 潤：｢血管再生」．綜合臨床 58：72-78（2008）永井書店
3. 山下 潤：｢ES 細胞による血管の分化再生」．遺伝子医学 MOOK「進み続ける細胞移植治療の実際」下巻．
田畑泰彦編，p. 107-p. 111（2008）メディカルドゥ社
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 学会等の発表 
１）学会・研究会発表
1. 魚崎英毅，楢崎元太，柳 堅徳，鷹野 誠，山下 潤：ES 細胞を用いた生物学的ペースメーカー樹立の試
み．第７回再生医療学会（2008.3.13-14．名古屋）
2. 楢崎元太，寺西瑞恵，沖田圭介，山中伸弥，山下 潤：誘導多能性幹 (iPS) 細胞からの心血管系細胞の誘導
(oral）．第７回日本再生医療学会総会（2008.3.13-14．名古屋）
3. P. Yan, T. Otsuji, A. Nagasawa, G. Narazaki, H. Uosaki, A. Sugimoto, M. Fujiwara, T. Ikeda, K. Nakao, S.
Yamanaka, N. Nakatsuji, M. Komeda and J.K. Yamashita : Efficient and specific expansion of highly cardiogenic
progenitors from embryonic stem cells by cyclosporin-A treatment. 第72回日本循環器学会留学生 YIA 審査
講演（2008.3.28-30．福岡）
4. 楢崎元太，山下 潤：マウス人工多能性幹 (iPS) 細胞からの系統的心血管系細胞の誘導 (oral）．第６回幹細
胞シンポジウム（2008.5.16-17．東京）
5. K. Yamamizu and J.K. Yamashita : Phosphatidylinositol 3-kinase pathway and Notch signaling coordinately
induce differentiation of arterial endothelial cells from vascular progenitors. The 15th International Vascular
Biology Meeting (2008.6.1-5. Sydney, Australia)
6. G. Narazaki, M. Teranishi, H. Uosaki, K. Okita, BJ. Kim, S. Matsuoka, S. Yamanaka and J.K. Yamashita :
Cardiovascular cell differentiation system using mouse induced pluripotent stem cells. 6th ISSCR Annual
Meeting (2008.6.11-14. Philadelphia, U.S.A.)
7. 楢崎元太，寺西瑞恵，魚崎英毅，沖田圭介，金 鳳柱，松岡 達，山中伸弥，山下 潤：様々のマウス人工多
能性幹 (iPS) 細胞からの心血管系細胞誘導 (oral）．第29回日本再生医療学会総会（2008.7.8-14．東京）
8. 山下 潤：iPS 細胞を用いた心血管分化機構の解明と創薬研究システムによる心血管再生治療法の開発．「再
生医療の実現化プロジェクト」第１回夏のワークショップ（2008.8.28-29．熱海）
9. 魚崎英毅，顔 培実，藤原正隆，山下 潤：ES 細胞および iPS 細胞からの心筋前駆細胞の効率的誘導法．
12th Molecular Cardiovascular Conference（2008.9.5-7．小樽）
10. 楢崎元太，山下 潤：Inductin of Cardiovascular cells from induced pluripotent stem (iPS) cells (oral). 第12回
Molecular cardiovascular conference（2008.9.5-7．北海道）
11. K. Yamamizu and J.K. Yamashita : Converged signaling of Notch and beta-catenin induces differentiation of
arterial endothelial cells from VEGFR2＋ vascular progenitors. American HeartAssociation Scientific Session
2008 (2008.11.8-14. New Orleans, U.S.A.)
12. G. Narazaki, JK Yamashita : Systematic and directed differentiation of mouse induced piuriopotent stem cells
into cardiovascular cells. 第23回藤コンファレンス（2008.11.11-14．神奈川）
13. 山水康平，山下 潤：Notch と beta-catenin シグナルによる新しい動脈内皮細胞分化誘導機構．第15回心血管
内分泌代謝学会 YIA 審査講演（2008.11.28-29．熊本）
14. H. Uosaki P. Yan and J.K. Yamashita : Efficient induction of cardiogenic progenitors and cardiomyocytes from
embryonic and induced pluripotent stem cells. International symposium on regenerative medicine-10th
anniversary of institute for frontier medical sciences (poster) (2008.12.4. Kyoto)
15. G. Narazaki and J.K. Yamashita : Systematic differentiation system of mouse induce pluripotent stem (iPS) cells
Annual Report 2008
to cardiovacular cells (invited). The 6th Korea-Japan Joint Symposium on Vascular Biology And The 16th
Annual Meeting of the Japan Vascular Biology and Medicine Organization Joint Meeting (2008.12.3-5.
Kanazawa)
16. G. Narazaki, JK Yamashita : Systematic and directed differentiation of various mouse induced piuriopotent stem
cells into cardiovascular cells (poster). BMB 2118 (2008.12.9-12)
２）講演・シンポジウム
1. 山下 潤：ES 細胞および iPS 細胞を用いた心血管分化再生研究．山口免疫懇話会（特別講演）（2008.3.5．
山口）
2. J.K. Yamashita : Cellular and molecular mechanisms for diversification of arterial, venous and lymphatic
endothelial cells. The U.S.-Japan cooperative cancer research program workshop 2008 (invited) (2008.3.19-21.
Kyoto)
3. J.K. Yamashita : Effective cardiac regeneration in vivo by ES cell-derived cardiac progenitors. Japan-Korea
Cardiovascular Conference，第72回日本循環器学会（招請講演）（2008.3.28-30．福岡）
4. 山下 潤：ES 細胞および iPS 細胞を用いた心血管分化再生研究．心血管再生先端治療フォーラム（特別講
演）（2008.7.5．東京）
5. 山下 潤：ES 細胞および iPS 細胞を用いた心血管分化再生研究．第１回臨床研究フォーラム（招請講演）
（2008.8.8-9．御殿場）




8. J.K. Yamashita : Specific Expansion of Cardiac Progenitors and Cardiomyocytes from ES and iPS Cells. The
Second International Cell Therapy Conference (invited) (2008.11.20. Seoul, Korea)
9. J.K. Yamashita : Research for vascular development and regeneration using ES and iPS cells. The 24th
Kumamoto Medical Bioscience Symposium "Frontiers of Vascular Medical Science and Innovative Therapy"
(invited) (2008.11.27. Kumamoto)
10. J.K. Yamashita : Molecular mechanisms of arterial-venous specification. 第16回日本血管生物医学会・日韓合
同血管生物シンポジウム (invited)（2008.12.3-5．金沢）
11. 山下 潤：ES 細胞および iPS 細胞からの心血管分化．BMB2008 シンポジウム：1S1 多能性幹細胞を規定す
る因子群―臨床応用を見据えて―（招請講演）（2008.12.9．神戸）
12. 山下 潤：ES 細胞および iPS 細胞を用いた心血管分化再生研究．熊本 Science Frontier 研究会（特別講演）
（2008.12.10．熊本）
13. 山下 潤：ES 細胞および iPS 細胞を用いた心血管分化再生研究．私学理科研究会二学期例会（2008.12.25．
京都）
Institute for Frontier Medical Sciences
幹細胞加工研究領域
Laboratory of Stem Cell Engineering
分野主任 准教授 多田 高
Assoc. Prof. Takashi Tada
【研 究 概 要】
体細胞は機能的に特殊化した細胞である。ゲノム再プログラム化とは，体細胞の機能を規定するエピジェネティ
クスを消去し，未分化細胞のエピジェネティクスを新たに上書きする事により多能性を獲得する現象である。体細
胞核移植という高度なテクニックを要求したゲノム再プログラム化も，胚性幹 (ES ; Embryonic Stem) 細胞との細


















ヒト融合細胞核からの染色体除去 ES 細胞との細胞融合により体細胞ゲノムは再プログラム化され，ES 細胞
様に変化する。しかし，融合細胞は４倍体であるため２倍体化するための技術が望まれていた。我々は，マウス融
合細胞から ES 細胞由来の望んだ染色体を選択的に取り除く技術を開発した。ES 細胞の取り除きたい染色体に組
み換え DNA 配列（染色体除去カセット）を組み込む。この ES 細胞と体細胞を細胞融合した後に組み換え酵素で
処理すると，DNA 複製後にあたるＳ期後半や G2 期に姉妹染色分体間で組み換えが起こる。組み換え染色体は細
胞分裂に好ましくない形に変化し核から排除される。結果として，染色体除去カセットで印された染色体のみが融




Our body is built by an incredible variety of cell and tissue types, which develop from a single fertilized egg
through embryogenesis. Those cells are basically classified into two types of cells ; somatic cells and germ cells.
Determination of cell fate is epigenetically regulated through activation or repression of specific genes. Nuclear
reprogramming is a phenomenon that a specialized somatic cell acquires pluripotential competence, which is defined
by multi-lineage differentiation, due to reset of epigenetic memory of the somatic cell. Recent development of a
technology of embryo manipulations achieves epigenetic reprogramming by nuclear transplantation of a somatic cell
to enucleated oocytes as seen by production of cloned animals in many mammalian species. We found that
embryonic stem (ES) cells, which have the robust capability of self-renewal with pluripotency under culture
conditions, retain the nuclear reprogramming activity as shown by cell fusion with a somatic cell. Several factors
Oct4, Sox2, Klf4 and C-Myc isolated from ES cells are sufficient for triggering nuclear reprogramming of somatic
cells to induced pluripotent stem (iPS) cells. Reprogrammed somatic genomes through cell fusion with ES cells
function equivalent to the ES genomes in differentiated cells. We have demonstrated that the acquisition of
pluripotential competence by a reprogrammed somatic genome is accompanied, independent of gene activity, by
global de-condensation of the somatic cell-derived chromatin. Thus, we have proposed that two epigenetic events ;
erasure of somatic cell memory and establishment of pluripotential cell memory are required to complete the
nuclear reprogramming. On the working hypothesis that similar molecular events will occur during the nuclear
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図２．体細胞ゲノムの再プログラム化と ES 細胞染色体の選択的除去
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reprogramming of somatic cells to iPS cells, molecular mechanisms involved in generation of iPS cells is analyzing.
Nanog is a homeodomain-bearing transcriptional factor identified as a pluripotential cell-specific gene. Our
data clearly demonstrated that Nanog was essential for maintaining pluripotency of stem cells and inducing
successful nuclear reprogramming of somatic nuclei through cell fusion and nuclear transplantation. Nanog is
highly expressed also during early germ cell development in mice. Nanog RNA was conditionally knocked down in
vivo by Nanog-specific shRNA. The Nanog shRNA transgenic (NRi-Tg) mice were generated by matings with
germline transmittable chimeras with NRi-Tg embryonic stem cells. Crossing with the TNAP-Cre transgenic
mice, in which PGC-specific Cre expression is initiated at E9.5, the number of PGCs drastically decreased in E12.5
double transgenic NRi-Tg/TNAP-Cre embryos as detected by alkaline-phosphatase and SSEA-1 staining (Fig. 1).
Similar fatal effect of Nanog knockdown on PGC development was detected in E12.5 double transgenic mice of NRi-
Tg and ER-Cre, in which Cre expression was induced by tamoxifen administration at E7.5. TUNEL-positive PGCs
were detectable in tamoxifen-administered NRi-Tg/ER-Cre E10.5 embryos, indicating crucial function of Nanog in
survival of migrating PGCs. These data suggest that Nanog plays a key role of proliferation and survival in
migrating PGCs Oct4-independent manner.
Hybrid cells between ES cells (2n) and somatic cells (2n) are tetraploid (4n). To produce personalized diploid
stem cells from the tetraploid hybrid cells, it is necessary to eliminate the ES cell-derived chromosomes once the
somatic genome has been reprogrammed. We have developed a novel technology to eliminate ES-derived
chromosomes from mouse hybrid nuclei with newly designed a chromosome elimination cassette (CEC) (Fig. 2).
Cre-mediated sister-chromatid recombination in late S and G2 phases of the cell cycle should generate di-centric and
nulli-centric chromosomes specific to CEC-tagged chromosomes. Such aberrant chromosomes are spontaneously
deleted from cells during cell division. To apply the technology to human ES-somatic celll, we have optimized the
techniques with human ES cells.
【業 績 目 録】
 誌 上 発 表 
１）原著論文
T. Tada : Genetic modification-free reprogramming to induced pluripotent cells : fantasy or reality ? Cell Stem Cell
3 : pp. 121-122 (2008)
T. Otsuji, H. Matsumura, T. Suzuki, N. Nakatsuji, T. Tada and M. Tada : Rapid induction of large chromosomal
deletions by a Cre/inverted loxP system in mouse ES Cell hybrids. J. Mol. Biol. 378 : pp. 328-336 (2008)
N. Mise, T. Fuchikami, M. Sugimoto, S. Kobayakawa, F. Ike, T. Ogawa, T. Tada, S. Kanaya, T. Noce and K. Abe :
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Annual Report 2008
pp. 28-32（現代化学 452巻，東京化学同人，2008）
山中伸弥・多田 高：世界が注目！ ヒトの皮膚から多能性幹細胞 再生医療だけではない．オーダーメイド医療
にも貢献する ｢iPS 細胞」とは？ pp. 150-155（ニュートン別冊，ニュートン プレス社，2008）
多田 高：再プログラム化融合細胞の個人対応化技術．「進みつづける細胞移植治療の実際」（田畑泰彦 編集）
pp. 140-144（遺伝医学 MOOK 別冊，メディカルドゥ社，2008）
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【研 究 概 要】
細胞プロセシング研究領域は，ヒト ES 細胞の臨床応用を目指しその基盤技術の研究開発を行うべく，2005年度
に新設された部門である。ES 棟地下に細胞処理施設 (CPC : Cell Processing Center) を設置し，その管理を行うと
ともに，臨床応用可能な医薬品 GMP に準拠したヒト ES 細胞リソースの供給を目指し，その基盤技術の研究開発
を行っている。CPC は空調管理，清浄度管理および作業管理を含む，医薬品 GMP ハードに準拠した施設として
いる。また CPC には，細胞調製室，閉鎖系として独立して細胞調製，培養が可能な Cell-processing Isolator シス
テム，細胞保存室がある。




のヒト ES 細胞株の樹立と，将来のヒト ES 細胞バンク構築の可能性の探索を行う。
また，臨床応用に必要となる要件として，動物由来成分を用いない完全合成培地による培養の検討，ヒト由来
フィーダー細胞の試験を行っている。これら試験の評価に必要な基準は，国際的に通用するレベルを目指してい





ジつき顕微鏡を用いたカニクイザル ES 細胞コロニーの凍結解凍過程の解析，および DSC（示差走査熱量計）を
用いた熱力学的解析を通じた，細胞，コロニーレベルでの凍結解凍現象の理論化，凍結解凍条件の最適化の検討を
試みている。
The Laboratory of Cell Processing was established in the fall of 2005 to develop basic technologies to produce
and supply human embryonic stem cells (hES cells) with clinical grade. The cell processing center (CPC), located at
underground level of the ES building in the Institute was built to establish hES cells for clinical use satisfying the
standards of Pharmaceutical Good Manufacturing Practices (GMP) and the research necessary to achieve that.
The CPC meets the hardware standard of GMP such as management of work, air conditioning, clean level of air, etc.
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The CPC is composed of several rooms, one for cell processing, one for the Cell-Processing Isolator in which cells can
be processed and cultured in a complete closed system, cell-storage, computer controlled observation room, cell
storage, supply room etc.
Following the approval of the Government (MEXT) that the CPC can be used as a facility to establish hES cells,
we have started research on the establishment and culture of hES in this facility.
The trial to establish clinical-grade hES cells has been done using the conditions developed to establish monkey
ES cells, but it should be developed to make the hES cells possible for clinical use and to establish of hES cell banking
system.
For the clinical application of hES cells, there are several issues remain to be solved, such as developing an
effective complete defined culture medium without animal serum and/or human-tissue derived feeder cells. To
verify these factors we should develop a standard that meets the international level. For this we have joined the
Working Group for International Standards for ES cells and their banking organized by the ISCBI (International
Stem Cell Banking Initiative). In October 2008, the ISCBI established "Consensus Guidance for Banking and Supply
of Human Embryonic Stem Cell Lines for Research Purposes" as a first stage, and now working on that for Clinical
Purposes.
One important aspects of our research is to develop an effective protocol for cryopreservation of hES cells that
should significantly increase the recoveries of the cells that is quite low at present. In this study we utilize a cryo-
microscope equipped with a temperature-controlling stage to observe the cells under freezing and thawing, and a
differential scanning calorimeter to measure heat transfer in the cell and suspension medium during the process.
First, we have refined our methods with single monkey ES cells and then colonies, and the techniques will be refined
and validated on hES cells. We expect this strategy will allow us to find an optimal cryopreservation protocol for
hES cells that will contribute to make these cells suitable for clinical use.
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defined serum-free medium. Proceedings of the NationalAcademy of Sciences of the United States ofAmerica
9; 105(36) : 13409-13414 (2008)
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Commun. 27 : (2008)
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サル体細胞核移植クローン胚の作製 (Cloned blastocysts produced by nuclear transfer from somatic
cells in cynomolgus monkey)























く改善されてきた。今後この卵子を用いて，クローン胚作製と ES 細胞樹立を試み，さらに iPS 細胞との比較検討
も行ってゆく予定である。
Research abstract :
We attempted to establish tailor-made ES cell lines using the modified somatic cell nuclear transfer method
(oocyte enucleation after somatic cell nuclear injection) that was reported last year. The developmental rate of
blastocyst was greatly improved, but establishment of ES cell lines from somatic cell nuclear transfer was not
achieved. In this study, somatic cell nuclear transfer was performed using, for the donor, fetus fibroblast cells and
ES cells that were said to be rather effective, but establishment of tailor-made ES cell lines was not achieved. For
tailor-made regeneration therapy, when post-transplant immunological rejection is considered it is believed that in
the future it will be necessary to study production of iPS (induced pluripotent stem) cells with undifferentiated cells
directly produced from somatic cells. However, in regard to iPS cell differentiation ability, it is necessary to first do
sufficient comparative studies with ES cells.
1. Study of the establishment of ES cells from cynomolgus monkey somatic cell nuclear transfer
Conventional nuclear transfer is a method in which cell nuclei from donor cells are injected after unfertilized
matured oocyte are enucleated and then growth stimulation is carried out. Last year we reported that we made
表 体細胞核移植の成績
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improvements to this nuclear transfer method and using a method in which the conventional sequence (the recipient
oocyte was enucleated after injection the nucleus and then activation was performed) was reversed, cloned embryos
production efficiency was greatly increased from the conventional method's 13％ to 33％. Here we performed the
nuclear transfer using this method. For the donor, fetus fibroblast cells and ES cells that were said to be rather
effective were used. As a result of the modified nuclear transfer method, the rate of embryo development to the
blastocyst stage was high (fetus fibroblast cells 47.6％ , ES cell 6.5％ ; includes embryo transfer of early stage
embryos). However, establishment of tailor-made ES cell lines from the blastocyst stage was not achieved. Due to
the above, establishment of tailor-made ES cell lines from somatic cell nuclear transfer embryos was extremely
difficult in the cynomolgus monkey and it is believed that in the future it will be necessary to study iPS cell.
2. Method of retrieved MII oocyte for the manufacture of quality somatic cell nuclear transferred
embryos
As one factor in the extreme difficulty of establishing ES cells from cloned embryos manufactured by the
nuclear transfer method, an attempt was made to improve the quality of MII oocyte obtained through follicle
stimulation. Conventionally FSH formulation has been administered intramuscularly at the same dosage for
consecutive days. As a result, there is large variation between individuals and the number of MII stage oocyte
obtained is few and quality is unstable. To counter this a micro-pump was implanted subcutaneously and by using a
method in which a set amount was administered continuously and halfway through that amount was increased, the
number of MII oocyte was increased and stabilized and embryo development due to ICSI (intracytoplasmic sperm
injection) was also greatly improved. In the future an attempt to produce cloned embryos using these high quality
oocytes and ES cell establishment and finally a comparison study with iPS cells, are planned.
【業 績 目 録】
 誌 上 発 表 
原著論文
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Annual Report 2008
cynomolgus monkey (Macaca fascicularis) oocytes in vitro. Exp. Anim. 57(3) : 272 (2008)
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鳥居隆三：再生医療研究とサル ES 細胞の樹立，そして iPS 細胞へ，㈱イナリサーチ，新研究棟竣工記念講演
（2008.8.8）
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会（2008.9.27．東京）
M. Yamanaka, S. Hashimoto, J. Okahara, J. Yamasaki, R. Torii and R. Morimoto : Abnormal distribution of cortical
granules in monkey one-day old MII oocytes which were immature at oocyte retrieval after controlled ovarian
hyperstimulation. American Society for Reproductive Medicine 64th Annual Meeting, San Francisco
(2008.11.8-12.8. California, USA)
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1. Paradigm shift of the concept of the plasma membrane structure
The plasma membrane has been considered to be a two dimensional liquid with their constituent molecules,
membrane proteins and lipids, diffusing freely in the plasma membrane, the Singer-Nicolson model widely accepted
for these 30 years. However, we found that the plasma membrane is partitioned into many small compartments
and both membrane lipids and proteins undergo short-term confined diffusion within a compartment and long-term










skeleton and the transmembrane proteins anchored to the membrane skeleton (Fujiwara et al., 2002 ; Murase et al.,
2004 ; Kusumi et al., 2005 ; Morone et al., 2006). This entails a paradigm shift for the concept of the plasma
membrane, from the continuous 2-dimensional fluid to the compartmentalized, structured system. This could be
found because we have developed high time resolution (25 microseconds) single-molecule tracking techniques
(Kusumi et al., 2005). If more than one molecule is observed at the same time, the single hop event would be masked
by averaging over all the molecules under observations. Without high-time resolutions, the residency time within a
compartment for 1 ms to 1 s could not be detected.
2. Single-molecule force microscope
An ultra-sensitive, single-molecule optical force scanning probe microscope was developed that uses a single
membrane molecule as a probe. This microscope measures the interaction force between the membrane-molecule
probe with the membrane skeleton mesh in live cells and by mapping the force, images of the membrane skeleton
that interact with the membrane molecule were obtained (Ritchie et al., in preparation). A theoretical framework
was developed to understand/predict the behavior of single membrane molecules being dragged by the optical trap
(Ritchie et al. in preparation).
3. Detection of transient interactions of two species of molecules in living cells
Two species of molecules were laballed in different colors and a method to detect their colocalization at the level
of single molecules was developed for the first time (Koyama et al., 2005).
4. Single-molecules FRET imaging of H-Ras activation in living cells
The activation of H-Ras, a GTP-binding protein involved in the signaling pathways for cell proliferation and
reorganization of the cytoskeleton, was visualized at the level of individual molecules using a technique called single-
molecule fluorescence resonance energy transfer (single-molecule FRET ; Murakoshi et al., 2004 ; Kusumi and
Murakoshi, 2005). Activation of H-Ras takes place only temporarily (＜ 2 s) and is accompanied by transient
immobilization, which is likely due to the transient formation of an activated-Ras signaling complex with scaffolding
proteins.
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A. Kusumi : Single-molecule tracking reveals dynamics of monomer-oligomer equilibrium of GPCRs. Meeting : two
days with GPCRs in Montpellier (2008.6.12-13. Montpellier, France)
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single-molecule tracking study. New Frontiers in Neurophotonics : 1st Franco-Canadian Symposium
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single-molecule tracking study. The 9th Asia-Pacific Microscopy Conference (2008.11.2-7. Jeju, Korea)
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楠見明弘：Signal transduction based on the plasma membrane meso-domains and the actin membrane skeleton : a

















藤原敬宏：Super-speed single fluorescent-molecule tracking revealed hop diffusion of a phospholipid in the




鈴木健一，楠見明弘：Dynamics of raft-associated molecules for signal transduction as revealed by single-molecule
tracking. BMB2008 第31回日本分子生物学会年会 第81回日本生化学会大会 合同年会 シンポジウムセッ
ション 2S12「糖鎖による生体膜近傍の細胞機能制御機構」（2008.12.9-12．神戸）
楠見明弘：ラフト仮説の新展開：1分子追跡による研究．BMB2008 第31回日本分子生物学会年会 第81回日本生
化学会大会 合同大会 シンポジウムセッション 2S21「膜ドメイン研究の新展開」（2008.12.9-12．神戸）
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３．MR Elastography (MRE) による in vivo 弾性率データの計測，解析および検証
磁気共鳴弾性率計測法 (MRE) は，MRI をベースとする新たな測定技術であり，これによる体内組織・器官の
非侵襲性弾性率計測の手法を確立し，医療研究支援用の生体組織データベースを構築する。また触感デバイスを用






























出成型タイプのポリサルホン (PS) やポリカーボネート (PC) が知られている。加熱重合タイプの PMMA は，重
合に伴う収縮率が高く，耐衝撃性等の力学的特性に劣る上，特に残留モノマーが多いため，使用時に残留モノマー
の溶出によるアレルギー反応が惹起されることが指摘されており，生体に対する安全性の問題が残っている。
そのため，これに替わる材料として PS や PC が射出成型用義歯床として使用されるようになって来た。ところ


















1. Simulation of Biomechanical Adaptation Process of the Living Tissues.
Numerical simulations are carried out especially on the modeling and remodeling phenomena of the bones as the
biomechanical adaptation. With constraint functions such as stress distribution or strain energy density
distribution, it is indicated that the form of the bone has been modeled and the design of artificial dental roots which
dynamically harmonizes with the living tissue under this constraint has being tried (Supported by New Energy and
Industrial Technology Development Organization).
2. Regeneration of the periodontal Membrane around Dental Implant Roots.
The present artificial dental root is fixed directly in the alveolar bone without having periodontal ligament like
natural tooth root, the stresses are directly transmitted without any damping effect. The excessive stresses in the
alveolar bone may arise and cause the bone resorption by which the loosening of the implants occurs. Therefore,
we have been attempting that the dental implant made of titanium is covered with a polymer and the collagen which
is the cell adhesive protein is fixed by some surface treatments and in addition, the periodontal ligament cell is
cultivated on the surface for regeneration of the periodontal membrane (Supported by Ministry of Culture, Science
and Education).
3. MR Elastography Measurement, Analysis and Verification.
Magnetic resonance elastic modulus measurement method (MRE) of the elastic modulus is a new measuring
technique based on the MRI and it establishes the technique of the noninvasive elastic modulus measurement of the
living tissue and organ in vivo. Database construction for the medical research support and virtual reality (VR)
system using the haptic device are investigated (Joint Research with Information Division, Kyoto University).
4. New Artificial Articular Cartilage and Intervertebral Disk.
Development of the artificial cartilage and intervertebral disk is necessary in order to recover support and
mobility simultaneously in joints and spine which received the damage. We examined the possibility of the
application of polyvinyl alcohol hydrogel which can control the mechanical strength by the change of water content
and is excellent in the biocompatibility. It replaces only lesion part and leaves the sound subchondral bone. The
high strength and high elastic modulus of the polyvinyl alcohol hydrogel newly developed in this department is
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promising as artificial articular cartilage and intervertebral disk material (Supported by Japan Ministry of Health,
Labour and Welfare).
5. Polyethylene for Artificial Joints with High Wear Resistance.
The wear particles of polyethylene are produced by the friction between the metal and UHMWPE when
artificial joint used for the long term. It is known that the osteolysis occurs by foreign body granulation tissue
which the wear particle induces. The development of new UHMWPE for artificial joint which controlled super
structure by the crystallization under molecular orientation is being tried in order to improve abrasion resistance of
UHMWPE.
6. Proliferation Control of Mammalian Cells and Tissue Preservation for Long Term.
EGCG, a green tea polyphenol, not only improves preservation of non-frozen tissues such as cornea, nerves and
pancreatic but solves some potential problems pertaining to transplantation and cardiovascular medicine. EGCG
with its immuno-suppressive and anti-proliferative effects prevents graft rejections in various tissues and neo-
intimal hyperplasia in vein grafts, respectively. Therefore, the use of EGCG for preserving the living tissues and
controlling their cellular responses will provide us a starting point to advance the future of regenerative medicine
(Supported by Japan science and technology).
図9_2
(a) Photographs of the wounds in diabetic mice after 14 days of treatment of collagen sponge (EGCG 0 ppm) or
epigallocatechin gallate (EGCG)-incorporated collagen sponge. (b) Residual wound size of diabetic mice after 7 and 14
days of treatment was measured from unclosed wound area using a digital planimeter. CD31 positive capillaries in newly
generated dermis. (c) and Ki-67 positive cells at the basement membrane of epidermis. (d) were quantitatively analyzed
with immunohistochemical staining sections.
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7. The gentle denture base in human body
Today, we are researching and developing novel thermoelastic denture base composed of
polymethylmetahcrylate (PMMA) as a main component for injection molding. Denture base is generally employed
polycarbonate (PC) as thermoelastic resin. However, PC is eluted in one's mouth, bis-phenol A of an environmental
pollution and furthermore, poor adhered to PMMA resin of repair adhesive. Heat-polymerized type PMMAmainly
employed as denture base, is eluted in one's mouth a lot of monomer and oligomer, which come from residue product
of polymerization and is anxious to cause an allergy. We are researching and developing novel thermoelastic
denture base which overcomes disadvantages of traditional denture resin (Supported by Kinki area economy
department of industry).
8. Biodegradable Medical Adhesives
The closing, sealing and bonding of wounds and defects in various types of tissue still remain problem areas in
the field of medicine. To bond a soft tissue interface, numerous studies have been conducted to develop either
synthetic or semi synthetic tissue adhesives. Cyanoacrylate, aldehyde-based and fibrin glue have all been
developed for clinical usage. However, some problems have led to limitations in their application, such as toxicity
and virus infection.
We recently developed functional medical adhesive of dextran based reactive glue, consisting of aldehyded
dextran and ε-poly (L-lysine), two kinds of medical and food additives, as starting materials. Biocompatibility assay
indicated that the functional medical adhesive showed excellent biocompatibility with in vitro and in vivo and most
of the functional medical adhesive was histologically degraded within 4 weeks. The excellent performance was
observed in comparison to the use of conventional fibrin glue (Supported by New Energy and Industrial Technology
Development Organization).
【業 績 目 録】
 誌 上 発 表 
１）原著論文
K. Matsumura, K. Kaihatsu, S. Mori, H-H. Cho, N. Kato and S-H. Hyon : Enhanced antitumor activities of (−)-
epigallocatechin-3-O-gallate fatty acid monoester derivatives in vitro and in vivo. Biochemical and Biophysical
Research Communications 377 : 1118-1122 (2008)
松村和明，玄 丞烋：EVA とチタンとの接着および人工歯根への応用．第132回ポバール会記録 6-12（2008）
K. Matsumura, T. Hayami, S-H. Hyon and S. Tsutsumi : Control of proliferation and differentiation of osteoblasts on
apatite coated poly (vinyl alcohol) hydrogel as an artificial articular cartilage material. Journal of Biomedical
Materials Research (in press)
K. Matsumura, H. Takayama, J-Y. Bae, M. Kurihara, S. Tsutsumi and S-H. Hyon : Preservation of platelets by adding
epigallocatechin-3-O-gallate to platelet concentrates. Cell Transplantation (in press)
T. Azuma, J. Ito, M. Kutsuki, R. Nakai, S. Fujita and S. Tsutsumi : Analysis of the mandibular movement by
Annual Report 2008
simultaneous multi-section continuous ultrafast MRI. Magnetic Resonance Imaging Epub Sep 4 (2008)
R. Nakai, T. Azuma, M. Sudo, S. Urayama, O. Takizawa and S. Tsutsumi : MRI analysis of structural changes in
skeletal muscles and surrounding tissues following long-term walking exercise with training equipment. J
Appl Physiol. 105(3) : 958-963 (2008)
H-H. Cho, D-W. Han, K. Matsumura, S. Tsutsumi and S-H. Hyon : The behavior of vascular smooth muscle cells and
platelets onto epigallocatechin gallate-releasing poly (L-lactide-co-ε -caprolacgone) as stent-coating materials.
Biomaterials 29 : 884-893 (2008)




T. Ino, R. Nakai, T. Azuma, K. Tokumoto, K. Usami and T. Kimura : An fMRI Study of word reading and colour
recognition in different quadrant fields. The Open Neuroimaging Journal 2 : 56-64 (2008)
S. Ichihara, Y. Inada, A. Nakada, K. Endo, T. Azuma, R. Nakai, S. Tsutsumi, H. Kurosawa and T. Nakamura :
Development of new nerve guide tube for repair of long nerve defects. Tissue Engineering (in press)
H-H. Kim, T. Kawazoe, S. Suzuki, S. Tsutsumi, K. Matsumura and S-H. Hyon : Enhanced wound healing by
epigallocatechin gallate-incorporated collagen sponge in diabetic mice. Wound Repair and Regeneration 16(5) :
714-720 (2008)
T. Kawazoe, H-H. Kim, Y. Tsuji, N. Morimoto, S-H. Hyon and S. Suzuki : Green tea polyphenols affect skin
preservation in rats and improve the rate of skin grafts. Cell Transplantation 17 : 203-209 (2008)
J-Y. Bae, J. Kanamune, D-W. Han, K. Matsumura and S-H. Hyon : Reversible regulation of cell cycle-related genes by
epigallocatechin gallate for hibernation of neonatal human tarsal fibroblasts. Cell Transplantation (in press)
J-Y. Bae, K. Matsumura, S. Wakitani, A. Kawaguchi, S. Tsutsumi and S-H. Hyon : Beneficial storage effects of
epigallocatechin-3-o-gallate on the articular cartilage of rabbit osteochondral allografts. Cell Transplantation
(in press)
M. Takaoka, T. Nakamura, H. Sugai, AJ. Bentley, N. Nakajima, NJ. Fullwood, N. Yokoi, S-H. Hyon and S. Kinoshita :
Sutureless amniotic membrane transplantation for ocular surface reconstruction with a chemically defined
bioadhesive. Biomaterials 29 : 2923-2931 (2008)
M. Takaoka, T. Nakamura, H. Sugai, AJ. Bentley, N. Nakajima, N. Yokoi, NJ. Fullwood, S-H. Hyon and S. Kinoshita :
Novel sutureless keratoplasty with a chemically defined bioadhesive. Invest ophthalmol vis sci. (in press)
M. Araki, H. Tao, T. Sato, N. Nakajima, T. Nagayasu, T. Nakamura and S-H. Hyon : Development of a new tissue-
engineered sheet for reconstruction of the stomach. Artif Organs (in press)
M. Tanaka, H. Tanaka, M. Hojo, T. Adachi, S-H. Hyon and M. Konda : Evaluation of anisotropic deformation and
fracture properties in extruded HAP/PLLA Composites. Proceedings of the 13th European Conference on
Composite Materials : 1-8 (2008)
A. Osterburg, J. Gardner, S-H. Hyon, A. Neely and G. Babcock : Highly antibiotic resistant acinetobacter baumannii
clinical isolates are killed by the green tea polyphenol (− )-Epigallocatechin-3-gallate (EGCG). Clinical
Microbiology and Infections (in press)
Institute for Frontier Medical Sciences
D-W. Han, K. Matsumura, B-J. Kim and S-H. Hyon : Time-dependent intracellular trafficking of FITC-conjugated
epigallocadtechin-3-0-gallate in L-929 cells. Bioorganic & Medicinal Chemistry (16) : 9652-9659 (2008)
A. Miskon, T. Yamaoka and S-H. Hyon : Preservation of porcine hepatocytes in 3d bioreactor at room temperature





松村和明，玄 丞烋，井汲憲治，川植康史，堤 定美：歯根膜再生型人工歯根の開発．THE NIPPON Dental
Review（日本歯科評論）68(3)：39-40（2008）
玄 丞烋：再生医療を指向した機能性バイオマテリアルの設計と応用．Journal of Japanese Society for
Biomaterials 26(2) : 111-121 (2008)
 学会等の発表 
１）学会・研究会発表
S-H. Hyon, N. Nakajima and H. Sugai : Dextran based medical glue and its clinical application. The 8th World
Biomaterials Congress (2008.5.28-6.1. Amsterdam)
S-H. Hyon and K. Matsumura : Anticancer activity and DDS application of green tea polyphenol derivatives. 35th
Annual Meeting & Exposition of the Controlled Release Society (2008.7.12-16. New York)
玄 丞烋，金 学嬉，松村和明，西川武志：緑茶ポリフェノール EGCG とさけ白子 DNA を用いた皮膚熱傷の治
癒効果．核酸・核タンパク機能性研究会学術集会（2008.9.12．恵庭）
K. Matsumura, K. Kaihatsu, S. Mori and S-H. Hyon : Anticancer effects of novel tea polyphenol derivatives and their
DDS application. The 8th World Biomaterials Congress (2008.5.28-6.1. Amsterdam)







中井隆介，東 高志，猪野正志，吉田忠剛，瀧澤 修，福山秀直：fMRI および DT-MRI を使用した内包における
皮質脊髄路の Somatotopy の解析．第36回日本磁気共鳴医学会大会（2008.9.11-13．北海道）
H-H. Cho, K. Matsumura, D-W. Han and S-H. Hyon : Epigallocatechin-3-O-gallate Crosslinked Collagen Sponges with
Enhanced Biostability and Biocompatibility for Tissue Engineering. The 8th World Biomaterials Congress
(2008.5.28-6.1. Amsterdam)
H-H. Cho, D-W. Han, K. Matsumura and S-H. Hyon : In vitro studies of Epigallocatechin Gallate-Eluting Stent Coatings
Based on Poly (L-Lactide-co-epsilon-Caprolactone). The 8th World Biomaterials Congress (2008.5.28-6.1.
Annual Report 2008
Amsterdam)
曺 漢姫，松村和明，玄 丞烋：緑茶ポリフェノール含有の冠状動脈用薬剤溶出ステント．第24回日本 DDS 学会
学術集会（2008.6.29-30．東京）
H-H. Kim, T. Kawazoe, K. Matsumura and S-H. Hyon : Healing effects of epigallocatechin-3-o-gallate (egcg) on burn
wounds in mice. The 8th World Biomaterials Congress (2008.5.28-6.1. Amsterdam)
J-Y. Bae, D-W. Han, K. Matsumura, S. Wakitani and S-H. Hyon : EGCG Application to the non-frozen preservation of
articular cartilages through the regulation of cell cycle and NF-κB expression. The 8th World Biomaterials
Congress (2008.5.28-6.1. Amsterdam)
裵 庭胤，松村和明，脇谷滋之，玄 丞烋：軟骨組織の保存と移植について―緑茶ポリフェノール (EGCG) 添加
保存液の効果―．第６回日本再生歯科医学会（2008.9.12-13．東京）
裵 庭胤，韓 東旭，松村和明，脇谷滋之，縄田昌司，玄 丞烋：ヒト軟骨組織の低温長期保存について―緑茶ポ
リフェノール (EGCG) 添加保存液の効果―．第35回日本臓器保存生物医学会（2008.11.22-23．東京）
高岡真帆，中村隆宏，須賀井一，Adam J. Bentley，中島直喜，Nigel J. Fullwood，横井則彦，玄 丞烋，木下
茂：新規生体接着剤を用いた無縫合羊膜移植術の開発．第32回角膜カンファランス・第24回日本角膜移植学会
（2008.2.28-3.1．浦安）
M. Takaoka, T. Nakamura, H. Sugai, Adam J. Bentley, N. Nakajima, Nigel J. Fullwood, N. Yokoi, S-H. Hyon and S.
Kinoshita : A Novel Sutureless Amniotic Membrane Transplantation for Ocular Surface Reconstruction with
Chemically Defined Bioadhesives. The Association for Research in Vision and Ophthalmology (ARVO) 2008
Annual Meeting (2008.4.27-5.1. Fort Lauderdale, Florida)












市原理司，中村達雄，稲田有史，中田 顕，遠藤克昭，東 高志，中井隆介，堤 定美，黒澤 尚：長い欠損に対
する新しい人工神経の開発．第81回日本整形外科学会（2008.5.22-25．北海道）
S. Ichihara, T. Nakamura, Y. Inada, A. Nakada, K. Endo, T. Azuma, S. Tsutsumi and H. Kurosawa : Development of
new nerve guide tube for repair of peripheral nerve injury. American Society for Artificial International
Organs, 54th Annual conference (2008.6.19-21. San Francisco)
市原理司，稲田有史，中田 顕，東 高志，中井隆介，遠藤克昭，島田英徳，黒澤 尚，中村達雄：Canine model
を用いた神経再生後の機能評価法の確立．第23回日本整形外科学界基礎学術集会（2008.10.23-24．京都）
Institute for Frontier Medical Sciences
市原理司，稲田有史，中田 顕，東 高志，中井隆介，遠藤克昭，島田英徳，黒澤 尚，中村達雄：Canine model
を用いた神経再生後の機能評価法の確立．第23回日本整形外科学界基礎学術集会（2008.10.23-24．京都）
正木悠紀子，天満 敬，佐野紘平，木村寛之，東 高志，中井隆介，久下裕司，小野正博，佐治英郎：立体構造制
御に基づく on/off スイッチング機構を導入した新規機能性 MRI プローブの開発．第８回放射性医薬品・画像
診断薬研究会（2008.12.6．京都）
中村淳一，中島直喜，松村和明，玄 丞烋：葉酸吸着によるタキソール抗がん効果の向上．第24回日本 DDS 学会
（2008.6.29-30．東京）
M. Tanaka, H. Tanaka, M. Hojo, T. Adachi, S.H. Hyon and M. Konda : Effect of Microstructural Anisotropy on
Deformation and Fracture Properties in Extruded HAp/PLLA Composites. The 8th World Biomaterials
Congress (2008.5.28-6.1. Amsterdam)
M. Tanaka, H. Tanaka, M. Hojo, T. Adachi, S.H. Hyon and M. Konda : Evaluation of anisotropic deformation and
fracture properties in extruded HAP/PLLA composites. 13th European Conference on Composite Materials
(2008.6.2-5. Stockholm)
D-W. Han, H-H. Cho and S.H. Hyon : Cytoprotective Effects of Laminin via Blocking Cellular Uptake of
Epigallocatechin Gallate. The 8th World Biomaterials Congress (2008.5.28-6.1. Amsterdam)
D-W. Han, H-H. Cho, K. Matsumura and S.H. Hyon : In vitro studies of epigallocatechin gallate-eluting stent coatings
based on poly (l-lactide-co-epsilon-caprolactone). The 8th World Biomaterials Congress (2008.5.28-6.1.
Amsterdam)
M. Tanaka, H. Tanaka, M. Hojo, T. Adachi, S.H. Hyon and M. Konda : Effect of microstructural anisotropy on
deformation and fracture properties in extruded hap/plla composites. The 8th World Biomaterials Congress
(2008.5.28-6.1. Amsterdam)
T. Yamamoto, S. Fujibayashi, N. Nakajima, H. Sugai, S.H. Hyon and T. Nakamura : A new biodegradable adhesive
(LYDEX). The 8th World Biomaterials Congress (2008.5.28-6.1. Amsterdam)
山本展之，田中秀和，田中基嗣，北條正樹，安達泰治，玄 丞烋，近田英一：押出により微視構造の配向した
HAp/PLLA 複合材料の変形・破壊特性．第53回 FRP CON-EX 講演会（2008.11.25-26．京都）
M-H. Lee, D-W. Han, S-H. Hyon and J-C. Park : Suppression of intimal layer formation as inhibiting migration and
proliferation of smooth muscle cell by epigallocatechin-3-gallate (EGCG). The 8th World Biomaterials
Congress (2008.5.28-6.1. Amsterdam)
内藤泰行，河内明宏，邵 仁哲，沖原宏治，水谷陽一，三木恒治，中島直喜，須賀井 一，玄 丞烋：腹腔鏡下腎
部分切除術における新規医療用接着剤 (LYDEX) の有用性．第21回日本内視鏡外科学会総会（第11回世界内




玄 丞烋：緑茶ポリフェノール (EGCG) による細胞増殖制御と移植用生体組織の常温長期保存．「大阪大学病院移
植外科」（依頼講演）（2008.1.22．大阪）
玄 丞烋：歯科・口腔外科に於ける生体材料．「歯科人工知能研究会」（依頼講演）（2008.6.21 京都）
Suong-Hyu Hyon : Biomedical application of PVA focusing in ophthalmic area. ｢Kwangju Institute of Science and
Annual Report 2008
Technology｣（招待講演）(2008.6.24. Kwangju)
Suong-Hyu Hyon : Functional Medical Adhesives ｢BIO KOREA 2008｣（招待講演）(2008.10.9. Osong)





Assist. Prof. Toshihiro Togaya










Restoration and maintenance of oral function (ingestion, mastication, swallowing and phonation) are essential for
ADL (activity of daily living) and QOL (quality of life) especially in the elderly. The goal of our study is to establish
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morphological-compatibility.
On the other side, there is a big social problem in the manufacturing industry of the dental prostheses in Japan.
The society tends to be composed by elderly dental technicians and many young people in this field quit work
because they do not feel financially stable. We are also investigating such a sociological problem.
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"Role of molecular chaperones in development and regeneration"
【Research Overview】
Many heat shock proteins (HSP) act as molecular chaperones and play key roles in the proper folding and/or
disposal of denatured/misfolded proteins resulting from exposure to severe thermal or chemical stresses. In
addition some HSPs are expressed in a developmental- and cell specific-regulated manner in the absence of stress
suggesting that they also have some functions in these biological processes. This is particularly striking in the case
of the small HSPs, a family of conserved Hsps ranging from 12 to 40 kDa, which have been shown to be expressed in
specific cells during normal development and during aging in the Drosophila model system. In humans, there are
11members in the small HSP family and these also show cell-specific expression. Interestingly overexpression of a
small mitochondrial HSP in Drosophila melanogaster (DmHsp22) has been shown to extend lifespan and protect
against oxidative stress (Morrow et al. FASEB J 18 : 598, 2004 ; J Biol Chem 279 : 43382, 2004). Aging is a complex
process accompanied by a decreased capacity of cells to tolerate and respond to various forms of stresses leading to
damages such as protein aggregation in various components of the cell. Chaperones are thus likely important
players in the aging process by preventing damages resulting from protein denaturation and aggregation. Small
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chaperones have been shown to be involved in the refolding or disposal of protein aggregates, a feature of many age-
associated diseases. However the mechanisms by which these small chaperones protect against aging damages are
unknown. Identifying the proteins that associate with the small HSPs may provide clues to better understand their
mode of actions in the aging process and also in many age-associated neurodegenerative diseases thought to result
from protein denaturation and aggregation.
We are particularly interested in small HSPs associated with mitochondria as this organelle is the main
generating site of the damaging radical oxygen species (ROS) though to be responsible for damages to DNA, proteins
and cellular membranes (Figure 1). We have thus started to identify the partners and substrates of two specific
mitochondrial sHSPs using technology developed by members of Prof. Kazuhiro Nagata's laboratory in the
Department of Molecular and Cellular Biology of the Institute of Frontier Medical Sciences. The two proteins, the
matrix DmHsp22 and HspB2, a human sHSP associated with the mitochondrial outer membrane have been tagged
and used in immunoprecipitation studies to identify their partners/substrates using mass spectrometry. We hope
that the identification of protein/protein interactions between the sHSPs and cellular proteins will help in
understanding the mechanisms of protection against oxidative stress conferred by these small chaperones (Figure
1). This may be particularly important in some human neurodegenerative diseases such as amyotrophic lateral
sclerosis (ALS) in which mitochondrial homeostasis seems to play an important role.
During my stay at the Institute, I discussed with the members of Prof Nagata's group at multiple occasions
about their projects, progress and difficulties. I also gave a series of seminars for students and researchers of the
Institute on "Drosophila melanogaster as a model system for the study of aging and protein folding diseases" and on
"Small HSP chaperones, aging and resistance to oxidative stress in Drosophila". I also presented a seminar on
"Hepatocellular carcinoma in hereditary tyrosinemia : activation of survival pathways and inhibition of mitochondria-
mediated apoptosis", a severe genetic liver disorder involving ER signaling and resistance to apoptosis.
Finally in collaboration with a member of the group, Dr Hiroshi Kubota, and colleagues of the University of
Groningen (Netherlands), we participated in the writing of a manuscript on "Guidelines for the nomenclature of the
human heat shock proteins" which will be published in 2008 in the journal Cell Stress and Chaperones.
図9_4
Fig. 1. Model of putative sites of action of small HSP chaperones in mitochondria. The matrix localized
DmHsp22 may prevent the accumulation of toxic protein aggregates by chaperoning the refolding
or elimination of denatured proteins. HspB2 may also participate in the mitochondrial protein
quality control process through its association with the outer membranes by distinct mechanisms.
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During the developmental and organ regenerative processes, epithelial tissues actively construct complex
architectures, where their differentiation programs are spatio-temporally regulated by the surrounding stroma.
We have analyzed functional expression of a stromal morphogenic protein epimorphin, which usually exists at the
cytoplasmic surface of the stromal plasma membrane and functions as a t-SNARE molecule, while is temporally
secreted extracellularly and elicits local morphogenenic responses in the adjacent epithelia. As the last year of the
project, we have tried to establish functional relationship between epimorphin and its related members to provide
new insight into strict regulation in the functional differentiation and morphogenesis of the skin epidermis. We
found that epimorphin (syntaxin 2) is localized predominantly at the stromal fibroblasts whereas syntaxin 3 and 4 is
localized at the cell membrane of stratified keratinocytes (Fig. 1). As has been shown for epimorphin, syntaxin 3
and 4 are projected extracellularly in response to some biological stimuli, however, they appeared not to be released
from these cells and affect only to the neighboring keratinocytes. We found that the recombinant forms of
epimorphin, syntaxin 3 and 4 are all active in regulation of EGF-dependent keratinocyte growth and differentiation,
suggesting their spatial cooperation for the programmed stratification/cornification in the epidermial tissues (Fig. 1).
We also revealed a novel regulatorymechanism of functional expression of AHF/Trichohyalin which plays key
roles in the cyclic morphogenesis of a skin appendix hair follicle via bundling the keratin intermediate filaments.
We found that BMP4 up-regulates AHF transcription, and a nuclear envelope component lamin C indirectly affects
AHF protein to confer proteolytic resistance. These findings underscore the orchestrated cooperation of
extracellular signals, the cytoplasmic proteolytic elimination machinery and the nuclear membrane component.
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特殊染色 (Azan stain, Alcian blue stain, Berlin blue stain, Dahl's method, Elastica-Van Gieson stain, Giemsa
stain, Kluver-Barrera stain, Masson's tricrome stain, Maxwell's stain, Nissl's stain, PTAH, Toluidine
blue stain, Safranin O-Fast green stain, Villanueva bone stain, von Kossa's method, Silver stain)
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京都大学総合技術研究会」（2008.3.18-19）
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We are proud of foundation of Nano-Medicine Merger Education Unit, which is an educational organization with
the aim of nurturing talented experts who can drive translational research, display issue-solving ability, and create
next-generation industry in terms of "nano-medicine" generated only by merger of nano-technology, life science, and
medicine.
The unit is crossing over Graduate School of Medicine, Graduate School of Engineering, and Institute for
Frontier Medical Sciences to make abundant human resources of Kyoto University and new designated researchers
grow together, as the result of which we can provide coordinated and fundamental education programs efficiently.
It is an ultimate goal of this unit to contribute to nurturing talent with issue-solving ability in new fields by
providing practice and basic lecture about nano-medicine for experts in engineering and research in a specific field.
The essential role of Institute for Frontier Medical Sciences concerned with the activity of this unit in Kobe
Biotechnology Research and Human Resource Development Center is providing machinery, materials and staff,
which means comprehensive support of hard- and software. It is a pleasure that we can contribute to the
promotion of Kobe Medical Industry Development Project through the activity of this unit.
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５．学 術 集 会
５-１ 京都大学再生医科学研究所設立10周年記念
国際シンポジウム
International Symposium on Regenerative Medicine
―Tenth Anniversary of Institute for Frontier Medical Sciences―
日時：2008年12月４日（木）
会場：芝蘭会館 稲盛ホール
Opening address, Prof. Shimon Sakaguchi
(The Director of Institute for Frontier Medical Sciences, Kyoto University)
Chairperson : Prof. Atsuko Sehara-Fujisawa
(Department of Growth Regulation, Institute for Frontier Medical Sciences, Kyoto University)
Melanocyte stem cell and their niches
Prof. Emi Nishimura (Division of Stem Cell Medicine, Cancer Research Institute, Kanazawa University)
Aging from a stem cell perspective : niche-imposed signaling imbalance
Prof. Irina Conboy (Department of Bioengineering, University of California, Berkeley)
Niche regulation of Hematopoietic stem cells
Prof. Toshio Suda (Department of Cell Differentiation, Graduate School of Medicine, Keio University)
Lunch and Poster Session
Chairperson : Prof. Yasuhiko Tabata
(Department of Biomaterials, Institute for Frontier Medical Sciences, Kyoto University)
Single Molecule Nano-Science : Fluctuation and Function of Life
Prof. Toshio Yanagida (Graduate School of Frontier Bioscience and Graduate School of Medicine, Osaka University)
Quality control of newly synthesized proteins in the ER
Prof. Kazuhiro Nagata (Department of Molecular and Cellular Biology, Institute for Frontier Medical Sciences, Kyoto
University)
Matrix elasticity directs Stem Cell Differentiation & Cardiomyocyte De-differentiation
Prof. Dennis Discher (Biophysical Engineering Laboratory, University of Pennsylvania)
Coffee Break and Poster Session
Chairperson : Prof. Takashi Nagasawa
(Department of Immunobiology and Hematology, Institute for Frontier Medical Sciences, Kyoto University)
Stem cells and neurogenesis in the adult central nervous system
Prof. Jonas Frise´n (Department of Cell and Molecular Biology, Karolinska Institute)
Induction of Pluripotency by Defined Factors
Prof. Shinya Yamanaka (Department of Stem Cell Biology, Institute for Frontier Medical Sciences, Kyoto University)
Closing remark, Prof. Norio Nakatsuji
(Department of Development and Differentiation, Institute for Frontier Medical Sciences, Kyoto University)
Institute for Frontier Medical Sciences
Poster Session
POSTER 1
QUALITY CONTROL OF PROTEINS IN THE ENDOPLASMIC RETICULUM.
Nobuko Hosokawa1, Ikuo Wada2, Yukiko Kamiya3, Koichi Kato3,4,5 and Kazuhiro Nagata1
1Department of Molecular and Cellular Biology, Institute for Frontier Medical Sciences, Kyoto University, Kyoto 606-8397,
Japan
2Department of Cell Sciences, Institute of Biomedical Sciences, Fukushima Medical University School of Medicine, Fukushima
332-0012, Japan
3Okazaki Institute for Integrative Bioscience, National Institutes of Natural Sciences, Okazaki 444-8787, Japan
4Graduate School of Pharmaceutical Sciences, Nagaya City University, Nagoya 467-8063, Japan
5The Glycoscience Institute, Ochanomizu University, Tokyo 112-8610, Japan
POSTER 2
THE NEW POSSIBILITY OF CHROMATIN REMODELING FACTOR IN THE TRANSCRIPTION REGULATION.
Ken I Hohmura and Kazunori Hirayoshi
Department of Ultrastructural Research studies, Institute for Frontier Medical Sciences, Kyoto University
POSTER 3
CHARACTERIZATION OF TENDON AND LIGAMENT SPECIFIC ENHANCER OF THE MOUSE TENOMODULIN
GENE
Yuriko Nishizaki, Yuki Sugimoto, Yuji Hiraki and Chisa Shukunami
Department of Cellular Differentiation, Institute for Frontier Medical Sciences, Kyoto University
POSTER 4
DEVELOPMENT OF TECHNOLOGY TO GENETICALLY ENGINEER STEM CELLS
Jun-ichiro Jo, Kentaro Nagane, Masaya Yamamoto and Yasuhiko Tabata
Department of Biomaterials, Institute for Frontier Medical Sciences, Kyoto University
POSTER 5
BONE REGENERATION INDUCED BY BIOMOLECULES-FUNCTIONALIZED SCAFFOLDS
Masaya Yamamoto, Akishige Hokugo, Yu Kimura, Naoki Hayashi and Yasuhiko Tabata
Dept. Biomaterials, Inst. Frontier Med. Sci., Kyoto Univ., Kyoto, JAPAN
POSTER 6
BIOMATERIALS DESIGN WITH CHIMERIC PROTEINS
K. Kato, H. Sato, T. Nakaji-Hirabayashi, H. Miyazaki, M. Hiraoka and H. Iwata
Institute for Frontier Medical Sciences, Kyoto University, Kyoto 606-8507, Japan
POSTER 7
BIOARTIFICIAL PANCREAS
Yuji Teramura and Hiroo Iwata
Department of Reparative Materials, Institute for Frontier Medical Sciences, Kyoto University
POSTER 8
TCRβV TO DJ REARRANGEMENT IN THE DP THYMOCYTES IN THE PRESENCE OF AN IN-FRAME VDJ
CONSTRUCT
Shinji Fujimoto
Department of Immunology, Institute for Frontier Medical Sciences, Kyoto University
POSTER 9
CLINICAL TRIAL OF THE NEW TREATMENT FOR OSTEONECROSIS USING AUTOLOGOUS BONE MARROW
STROMAL CELLS
Tomoki Aoyama1 , Ryosuke Kakinoki2 , Ryosuke Ikeguchi2 , Koji Goto2 , Moritoshi Furu1 , Kinya Ito1 , Haruhito
Mitsui1, Michiko Ueda1, Yasunari Kasai3, Eishi Ashihara3, Shinya Kimura3, Taira Maekawa3, Takashi Nakamura2
and Junya Toguchida1
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1Department of Tissue Regeneration, Institute for Frontier Medical Sciences, Kyoto University
2Department of Orthopaedic Surgery, Kyoto University Hospital
3Department of Transfusion Medicine and Cell Therapy, Kyoto University Hospital
POSTER 10
APPLICATION OF POLYVINYL ALCOHOL (PVA) MACRO-ENCAPSULATED ISLETS IN TYPE 1 DIABETES
TREATMENT
Zhi Qi, Meirigeng Qi, Naoaki Sakata, Chizuru Yamamoto, Goichi Yanai, Etsuko Ikenoue, Qian Wu, Akihito Hiura
and Shoichiro Sumi
Department of Organ Reconstruction, Institute for Frontier Medical Sciences, Kyoto University
POSTER 11
REGENERATION OF CENTRAL NERVES USING A COLLAGEN SCAFFOLD AND ADIPOSE-DERIVED STROMAL
CELLS
Akira Nakada MD, Seijun Fukuda MD, Satoshi Ichihara MD, Toshihiko Sato MD, Shin-ichi Itoi MD, Yuji Inada
MD, Katsuaki Endo MD and Tatsuo Nakamura MD
Department of Bioartificial Organs, Institute for Frontier Medical Sciences,Kyoto University
POSTER 12
BIODEGRADABLE POLYMER COATING TISSUE-ENGINEERED AIRWAY PROSTHESIS
Toshihiko Sato MD1, Akira Nakada MD1, Naoki Nakajima, PhD2 and Tatsuo Nakamura MD1
1Department of Bioartificial Organs, Institute for Frontier Medical Sciences, Kyoto University
2Medical Simulation Engineering, Institute for Frontier Medical Sciences, Kyoto University
POSTER 13
THE CULTURE OF HUMAN EMBRYONIC STEM CELLS USING RECOMBINANT HUMAN LAMININ ISOFORMS
Takamichi Miyazaki1, Sugiko Futaki2, Kouichi Hasegawa3, Miwa Kawasaki2, Noriko Sanzen2, Maria Hayashi2,
Eihachiro Kawase3, Kiyotoshi Sekiguchi2, Norio Nakatsuji3,4 and Hirofumi Suemori1
1Laboratory of Embryonic Stem Cell Research, Stem Cell Research Center, Institute for Frontier Medical Science, Kyoto
University
2Institute for Protein Research, Osaka University
3Department of Development and Differentiation, Institute for Frontier Medical Sciences, Kyoto University
4Institute for Integrated Cell-Material Sciences, Kyoto University
POSTER 14
PRDM14 IS INVOLVED IN THE MAINTENANCE OF HUMAN EMBRYONIC STEM CELL SELF-RENEWAL
Norihiro Tsuneyoshi1,2 , Tomoyuki Sumi1 , Hiroaki Onda3 , Hiroshi Nojima3 , Norio Nakatsuji2,4 and Hirofumi
Suemori1
1Laboratory of Embryonic Stem Cell Research, Stem Cell Research Center, Institute for Frontier Medical Sciences, Kyoto
University, Kyoto, Japan
2Department of Development and Differentiation, Institute for Frontier Medical Sciences, Kyoto University, Kyoto, Japan
3Department of Molecular Genetics, Research Institute for Microbial Diseases, Osaka University, Osaka, Japan
4Institute for Integrated Cell-Material Sciences, Kyoto University, Kyoto, Japan
POSTER 15
EFFICIENT INDUCTION OF CARDIOGENIC PROGENITORS AND CARDIOMYOCYTES FROM EMBRYONIC AND
INDUCED PLURIPOTENT STEM CELLS
Hideki Uosaki1, Peishi Yan1,2 and Jun K. Yamashita1,3
1Laboratory of Stem Cell Differentiation, Stem Cell Research Center, Institute for Frontier Medical Sciences, Kyoto University,
Kyoto, Japan
2Department of Cardiovascular Surgery, Graduate School of Medicine, Kyoto University
3Center for iPS Cell Research and Application, Institute for Integrated Cell-Material Sciences, Kyoto University, Kyoto, Japan
POSTER 16
DIFFERENTIATION MECHANISMS OF THE ARTERIAL ENDOTHELIAL CELLS CONVERGING NOTCH AND
BETA-CATENIN SIGNALING
Kohei Yamamizu1 and Jun K. Yamashita1,2
Institute for Frontier Medical Sciences
1Laboratory of Stem Cell Differentiation, Stem Cell Research Center, Institute for Frontier Medical Sciences, Kyoto University,
Kyoto, Japan
2Center for iPS Cell Research and Application, Institute for Integrated Cell-Material Sciences, Kyoto University, Kyoto, Japan
POSTER 17
CRYOPRESERVATION OF STEM CELLS WITH NOVEL POLYAMPHOLYTES
Kazuaki Matsumura and Suong-Hyu Hyon
Department of Medical Simulation Engineering, Institute for Frontier Medical Sciences, Kyoto University
POSTER 18
ENHANCEMENT OF ANTI-CANCER ACTIVITIES OF TAXOL BY FOLIC ACID ADSORPTION
Junichi Nakamura, Naoki Nakajima, Kazuaki Matsumura and Suong-Hyu Hyon
Department of Medical Simulation Engineering, Institute for Frontier Medical Science, Kyoto University
POSTER 19
ESTABLISHMENT OF MOUSE INDUCED PLURIPOTENT STEM CELLS WITHOUT VIRAL VECTORS
Keisuke Okita1, Masato Nakagawa1,2, Hyenjong Hong2, Tomoko Ichisaka1,3 and Shinya Yamanaka1~3
1Center for iPS Cell Research and Application (CiRA), Institute for Integrated Cell-Material Sciences, Kyoto University
2Department of Stem Cell Biology, Institute for Frontier Medical Sciences, Kyoto University
3CREST and Yamanaka iPS Cell Project, Japan Science and Technology Agency
POSTER 20
INDUCTION OF PLURIPOTENT STEM CELLS FROM VARIOUS AGES
Kazutoshi Takahashi1, Aki Okada1, Midori Yokura1, Tomoko Ichisaka1,3 and Shinya Yamanaka1~3
1Center for iPS Cell Research and Application (CiRA), Institute for Integrated Cell-Material Sciences, Kyoto University
2Department of Stem Cell Biology, Institute for Frontier Medical Sciences, Kyoto University
3CREST and Yamanaka iPS Cell Project, Japan Science and Technology Agency
POSTER 21
ELEVATED, CIRCULATING TGF-BETA INHIBITS MUSCLE STEM CELL MEDIATED REGENERATION IN OLD
MAMMALS
Michael J. Conboy1#, Morgan E. Carlson1#, Michael Hsu1, Laurel Barchas1, Jaemin Jeong1, Anshu Agrawal4,
Amanda J. Mikels3, Smita Agrawal2, David V. Schaffer2 and Irina M. Conboy1*
1Department of Bioengineering, University of California, Berkeley, Berkeley, California
2Department of Chemical Engineering and The Helen Wills Neuroscience Institute, University of California, Berkeley, CA
3Department of Developmental Biology, Stanford University, Stanford, CA
4Division of Basic and Clinical Immunology, University of California, Irvine, CA
# Denotes equal first author contribution.
Annual Report 2008
５-２ セ ミ ナ ー
開 催 日 講演者・所属 演 題 セミナー名 主 催 分 野
































2008. 3.10 朝倉 淳
(University of Minnesota
Medical School)
Muscle regeneration by muscle
stem cells and vasculatures :
Application of stem cell transplan-




2008. 3.11 野地 博行
(大阪大学産業科学研究所)
Single-molecule study of F1-






















2008. 3.21 Rong Wang




Cell-cell signaling of angiogenesis





2008. 4. 1 Robert Tanguay
(Department of Medicine,
School of Medicine, Universite
Laval)
Drosophila melanogaster as a
model system for the study of





2008. 4. 8 Robert Tanguay
(Department of Medicine,
School of Medicine, Universite
Laval)
Small HSP chaperones, aging and






2008. 4.15 Teruko Taketo
(McGill University)





2008. 4.22 Robert Tanguay
(Department of Medicine,
School of Medicine, Universite
Laval)
Hepatocellular carcinoma in
hereditary tyrosinemia : activa-







2008. 5.13 Peter Bruckner
(University Hospital of Muen-




matrix suprastructure : The
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開 催 日 講演者・所属 演 題 セミナー名 主 催 分 野





the nervous and immune systems
with the microenvironment, regu-











2008. 7.15 Bruce R. Conklin
(Gladstone Institute of Cardio-
vascular Disease, UCSF)
Hormone signaling in mice and













2008. 9.22 Gerd Scherer




SOX9 and campomelic dysplasia :




















Molecular origami : protein











2008.11.28 KIM, YOUNG HA
(Dept. of Materials Sci. & Eng.,











2008.12. 8 Ulrich Hartl
(Max Planck Institute,
Germany)
















発 表 者 所 属 演 題 名
小 原 洋 志 生体システム制御学分野 ウイルスに対する自然免疫に重要な形質細胞様樹状細胞の発生とケモカインCXCL12
島 友 子 生 体 機 能 調 節 学 分 野 アロ抗原により誘導される制御性Ｔ細胞の動態解析
滝 本 晶 生 体 分 子 設 計 学 分 野 VEGF-A による軟骨性骨原基への血管侵入制御
山 水 康 平 幹細胞分化制御研究領域 ES 細胞を用いた動静脈分化機構の解析
田 邊 剛 士 再 生 誘 導 研 究 分 野 選択レポーターを持たない成体由来細胞からの iPS 誘導
中 村 友 紀 再 生 誘 導 研 究 分 野 未分化 ES 細胞に高発現する２因子，ECAT15-1 と ECAT15-2 の機能解析
入 江 直 樹 再 生 増 殖 制 御 学 分 野 発生砂時計モデルの検証∼進化と胚発生の関係は？∼
湯 本 法 弘 再 生 増 殖 制 御 学 分 野 神経筋接合部における meltrin beta/ADAM19 の Eph-ephrin シグナルを介した役割
林 英 樹 生 体 修 復 応 用 分 野 Meninges によるドーパミン産生神経の誘導―SDIA 法と Wnt の関わり
土 井 大 輔 生 体 修 復 応 用 分 野 パーキンソン病に対する ES 細胞由来の細胞移植治療における細胞純化方法の検討
北 村 朗 細 胞 機 能 調 節 学 分 野 生細胞内分光イメージング法を用いた変異 SOD1 タンパク質の凝集ならびに脱凝集過程の時空間的解析
根 本 悠宇里 ナノバイオプロセス研究領域 細胞膜中コレステロールの短寿命共局在の１分子追跡と検出
金 永 輝 組 織 再 生 応 用 分 野 間葉系幹細胞培養条件検討の際の p16 の有用性
城 潤一郎 生 体 材 料 学 分 野 幹細胞への遺伝子導入技術の開発
木 村 祐 生 体 材 料 学 分 野 生理活性物質の徐放化と足場材料による生体組織の再生誘導
山 口 武 志 シミュレーション医工学研究領域 SQUID（超伝導磁気センサ）による生体磁場測定
裵 庭 胤 シミュレーション医工学研究領域 NF-kB と細胞周期関連遺伝子の発現調節を通じた緑茶ポリフェノールによる軟骨組織の保存と移植
中 路 正 組 織 修 復 材 料 学 分 野 キメラタンパク質を利用した神経幹細胞の増殖・分化制御材料の合理的設計









１．DDS 化細胞増殖因子を活用した再生誘導治療の臨床応用 田畑 泰彦（生体材料学分野)
２．糖尿病の新たな治療を目指して―膵島細胞のナノカプセル化― 岩田 博夫（組織修復材料学分野)
３．ES 細胞を利用した神経再生医療 高橋 淳（生体修復応用分野)





５．in situTissue Engineering の臨床応用と場の理論 中村 達雄（臓器再建応用分野)
６．バイオ人工膵研究の展望 角 昭一郎（器官形成応用分野)
７．幹組織幹細胞と癌幹細胞 (Part II)：治療への応用の可能性 戸口田淳也（組織再生応用分野)
特別講演２









座 長 萱原 正都（金沢大学大学院医学系研究科がん局所制御学）
コメンテーター 安田 秀喜（帝京大学ちば総合医療センター）
２．主題Ⅲ-2 その他の胆膵生理機能（内科系）




講 師 岡崎 和一（関西医科大学内科学第３講座）
司 会 角 昭一郎（京都大学再生医科学研究所 器官形成応用分野）
ランチョンセミナー
｢膵癌治療―最近の話題―」
講 師 土井隆一郎（京都大学大学院医学研究科外科学講座 肝胆膵・移植外科学分野）
司 会 太田 哲生（金沢大学医学部附属病院 肝胆膵・移植外科）
３．主題Ⅰ これからの ERCP
座 長 清水 京子（東京女子医科大学消化器内科）
コメンテーター 海野 倫明（東北大学大学院医学系研究科消化器外科学分野）
４．主題Ⅲ-3 その他の胆膵生理機能（膵外分泌）
座 長 高折 恭一（京都大学医学研究科肝胆膵・移植外科）
コメンテーター 中村 光男（弘前大学医学部保健学科）
５．主題Ⅲ-4 その他の胆膵生理機能（膵内分泌）
座 長 下田 貢（獨協医科大学第二外科）
コメンテーター 伊佐地秀司（三重大学大学院肝胆膵・乳腺外科）
６．主題Ⅱ 胆・膵の再生医療
座 長 野口 洋文（名古屋大学医学部・大学院医学系研究科/ベイラー研究所）
コメンテーター 剣持 敬（国立病院機構千葉東病院外科）
閉会の辞























｢からだを守る免疫の不思議｣ 再生医科学研究所 所長 坂口 志文 教授
｢ここまで進んだからだをよみがえらせる材料｣ 再生医科学研究所 田畑 泰彦 教授
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６．共 同 研 究
2008年度共同研究課題一覧
研 究 代 表 者 再生医科学研究所共同研究者 研 究 課 題
久保田広志 准教授
(秋田大学工学資源学部)








鄭 雄一 教 授
(東京大学大学院工学系研究科)
宿南 知佐 准教授
(生体分子設計学分野) 歯周組織における Tenomodulin 機能の解明
庭野 道夫 教 授
(東北大学電気通信研究所)






大森 孝一 教 授
(福島県立医科大学)
中村 達雄 准教授
(臓器再建応用分野) in situ Tissue Engineering の臨床応用に関する研究
島田 義也 グループリーダー
(放射線医学総合研究所)








中 畑 龍 俊（京都大学大学院医学研究科教授）
長 田 重 一（京都大学大学院医学研究科教授）
鍋 島 陽 一（京都大学大学院医学研究科教授）
伊 藤 紳三郎（京都大学大学院工学研究科教授）
北 村 隆 行（京都大学大学院工学研究科教授）
西 田 栄 介（京都大学大学院生命科学研究科教授）
◆ 京都大学再生医科学研究所運営委員（所外) ◆
大 隅 典 子（東北大学大学院医学系研究科教授）
妙 中 義 之（国立循環器病センター研究所副所長）
高 戸 毅（東京大学大学院医学系研究科教授）
長 田 重 一（京都大学大学院医学研究科教授）
西 川 伸 一（理化学研究所発生・再生科学総合研究センター副センター長幹細胞研究グループグループディレクター ）
西 田 幸 二（東北大学大学院医学系研究科教授）
◆ 京都大学再生医科学研究所教職員等 ◆
所長（兼)：坂 口 志 文 副所長（兼）：戸口田 淳 也， 開 祐 司
■ 生体機能学研究部門 ■
〈細胞機能調節学分野〉



























日本学術振興会特別研究員：柳原佳奈 事務補佐員：馬場恭子 技術補佐員：吉田久子 教務補佐員：森田美枝
大学院生：木村 祐，劉 健，高本智紹，根来宏光，河井可奈江，高藤義正，谷郷智美，土井規央，炭多晃波，折口智哉，
大野由尊，木戸祐一郎，林健太朗，村上裕子，岩本貴寛，川崎博之，白井智明，戸田裕之
受託研究員：安部智之，堀内祥行，川上尚章，中村健太郎 研究員 (NEDO）：城潤一郎 民間等共同研究員：園田 浩
















JST 技術員：※一阪朋子，※成田 恵，関ひとみ 特定研究員（産官学連携）：※小柳三千代，※吉田善紀，※瀧澤奈々子
特定研究員 (WPI）：※與倉みどり 特任研究員：※八戸宏二郎，※前川桃子 教務補佐員：※岡田亜紀
技能補佐員：※飯塚當近 事務補佐員：※井山諒子 派遣事務員：※西川絵里，※丸橋乃律代





教授：瀬原淳子 助教：栗﨑知浩 講師（非常勤）：月田早智子 特定研究員（グローバル COE）：△飯田敦夫
研究員（学術支援）：栗﨑智美 日本学術振興会特別研究員：佐藤文規 事務補佐員：倉澤祥子
技術補佐員：黒田信子 教務補佐員：高塚志保 特定研究員 (WPI）：※桜井英俊
大学院生：木村剛隆，坂口和弥，木村祐介，酒井大史，坂口泰子，佐藤洋旭





准教授：高橋 淳 研究員（産官学連携）：森實飛鳥 事務補佐員：五味淵淑子 技術補佐員：窪田 慶，勝川美都子
大学院生：土井大輔，菊地哲広，五味正憲，鷲田和夫，北村彰浩，吉川達也，植村 真
〈組織再生応用分野〉
教授：戸口田淳也 助教：青山朋樹 民間等共同研究員：小林 明 研究員（学術支援）：加藤友久
事務補佐員：安田尚代，安藤嘉奈子 技術補佐員：上田路子，小林由紀子
大学院生：布留守敏，伊藤錦哉，金 永輝，梶田洋一郎，那須 輝，三井裕人，末吉達也，笠原 崇，早川和男
外国人共同研究者：Elalaf Hassan
〈器官形成応用分野〉
准教授：角 昭一郎 講師（非常勤）：砂村真琴，日裏彰人，小林直哉 研究員（学術研究奨励）：漆 智
事務補佐員：菊地裕子












技能補佐員：古卿智英，人見博子，石丸英典，細田 勝，西山尚之，柴田 豊，森本幸子，田中正行，大川実穂，藤田 章，
竹明フサ




准教授：末盛博文 特定研究員 (NEDO）：石井隆道 研究員 (NEDO）：宮崎隆道
研究員 (WPI）：※山内香織 教務補佐員：采女久実子，後藤律子 大学院生：福光 剣，恒吉法尋，武内大輝
〈幹細胞分化制御研究領域〉






















准教授：玄 丞烋 講師（非常勤）：南部敏之，茂木伸夫，中島直喜 特任助教：松村和明









■ 技 術 部 ■
技術専門員：松下隆壽 技術専門職員：小岸久美子
■ 事 務 部 ■
事務長：小山房男
専門職員（総務グループ長）：簱谷文一 主任：坂 令子 事務職員：木村 彩 事務補佐員：中瀬安子，戸倉理恵子，
小山みさを 専門職員（共同利用グループ長）：神田俊明 派遣職員：藤田彩子
専門職員（経理グループ長）：重光一夫 専門職員：福島慎吉 主任：三原一晃
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